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The research program at the Naval Postgraduate School exists to support the graduate education of our 
students.  It does so by providing military relevant thesis topics that address issues from the current needs 
of the Fleet and Joint Forces to the science and technology that is required to sustain the long-term 
superiority of the Navy/Department of Defense (DoD).  It keeps our faculty current on Navy/DoD issues, 
and maintains the content of the upper division courses at the cutting edge of their disciplines.  At the same 
time, the students and faculty together provide a very unique capability within the DoD for addressing 
warfighting problems.  Our officers must be able to think innovatively and have the knowledge and skills 
that will let them apply technologies that are being rapidly developed in both the commercial and military 
sectors.  Their unique knowledge of the operational Navy, when combined with a challenging thesis project 
that requires them to apply their focused graduate education, is one of the most effective methods for both 
solving Fleet problems and instilling the life-long capability for applying basic principles to the creative 
solution of complex problems. 
 
     The research program at the Naval Postgraduate School consists of both reimbursable (sponsored) and 
institutionally funded research.  The research varies from very fundamental to very applied, from 
unclassified to all levels of classification. 
 
 Reimbursable (Sponsored) Program:  This program includes those projects 
externally funded on the basis of proposals submitted to outside sponsors by the 
School’s faculty.  These funds allow the faculty to interact closely with RDT&E 
program managers and high-level policymakers throughout the Navy, DoD, and 
other government agencies as well as with the private sector in defense-related 
technologies.  The sponsored program utilizes Cooperative Research and 
Development Agreements (CRADAs) with private industry, participates in 
consortia with government laboratories and universities, provides off-campus 
courses either on-site at the recipient command, by VTC, or web-based, and 
provides short courses for technology updates. 
 
 Naval Postgraduate School Institutionally Funded Research (NIFR) Program: 
The institutionally funded research program has several purposes:  (1) to provide 
the initial support required for new faculty to establish a Navy/DoD relevant 
research area, (2) to provide support for major new initiatives that address near-
term Fleet and OPNAV needs, (3) to enhance productive research that is 
reimbursably sponsored, and (4) to cost-share the support of a strong post-
doctoral program. 
 
     In 2004, the level of research effort overall at the Naval Postgraduate School was 208 faculty work years 
and exceeded $92 million.  The reimbursable program has grown steadily to provide the faculty and staff 
support that is required to sustain a strong and viable graduate school in times of reduced budgets.  In 
FY2004, over 91% of the research program was externally supported.  A profile of the sponsorship of the 





































     The Chief of Naval Operations is the largest Navy external sponsor.  The Naval Postgraduate School 
also supports the Systems Commands, Warfare Centers, Navy Labs and other Navy agencies.  A profile of 


















Figure 2.  Navy External Sponsors of NPS Research 
and Sponsored Programs ($32M) 
 
 
     These are both challenging and exciting times at the Naval Postgraduate School and the research 
program exists to help ensure that we remain unique in our ability to provide education for the warfighter. 
 
 
      Leonard A. Ferrari 
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OVERVIEW:   
Department Overview 
The world around continues to evolve at an ever-increasing pace. The tempo of global events demands 
military officers who can analyze complex issues and think originally. The Department of National 
Security Affairs (NSA) is uniquely capable of providing an education that encourages these proficiencies in 
the officers who study here. The NSA Department brings together distinguished faculty and a highly 
motivated student body who share a focus on U. S. foreign and defense policies. The Department also 
tailors its programs to meet sponsor needs through a variety of means, including close ties to Service 





 Strategic Studies 
 Regional Security Studies 
 Resource Planning 
 Management for International Defense 





 Master of Arts in National Security Affairs 
 Master of Arts in Security Studies 





 Strategic Studies 
 Joint Intelligence 
 Regional Security Studies 
 Civil-Military Relations and International Security 





 Center for Contemporary Conflict 
 Center for Homeland Security 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
sponsored program for the Department of National Security Affairs is provided below: 
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SUPPORT OF NAVAL INTELLIGENCE RESEARCH AND EDUCATION 
CAPT Steven Ashby, USN, Military Faculty 
Department of National Security Affairs  
Sponsor: Office of Naval Intelligence 
 
OBJECTIVE: Provided resources for Navy 1630 (intelligence officer) research and education and 
provided facility support to ensure Navy 1630 student education.  
 
KEYWORDS: Navy 1630, Intelligence 
 
 
LOCAL ORGANIZING AND CHARITY NETWORKS IN THE ARAB EAST 
Anne Marie Baylouny, Assistant Professor 
Department of National Security Affairs  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Research in the Middle East geared toward the writing and publication of book articles; 
formulation of new research initiative.  
 
KEYWORDS: Charity Networks, Middle East 
 
 
NATIONAL SECURITY INTERESTS AND INSTITUTIONAL CHANGE 
Anne L. Clunan, Assistant Professor 
Department of National Security Affairs  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Write and publish book and articles; formulate new research.  
 
KEYWORDS: National Security  
 
 
IMPOSING ORDER: THE AMERICAN MILITARY IN CIVIL AFFAIRS 
Karen Guttieri, Assistant Professor 
Department of National Security Affairs 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Write and publish book and articles; formulate new research.  
 
KEYWORDS: National Security  
 
 
LESSONS OF THE MILITARY LEARNING MODEL FOR HOMELAND SECURITY 
Karen Guttieri, Assistant Professor 
Department of National Security Affairs 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: Write and publish book and articles; formulate new research.  
 
KEYWORDS: National Security  
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CHEMICAL, BIOLOGICAL, RADIOLOGICAL AND NUCLEAR (CBRN) JOINT PROGRAM 
MANAGER - INFORMATION SYSTEMS (JPM-IS) RESEARCH PROJECT 
Thomas H. Johnson, Research Associate Professor 
Department of National Security Affairs 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
OBJECTIVE: Provided support to Commander, Space and Naval Warfare Systems Command 
(COMSPAWARSYSCOM) by supporting a Chemical, Biological, Radiological and Nuclear (CBRN) Joint 
Program Manager - Information Systems (JPM-IS) research project in San Diego, California.  
 
KEYWORDS: COMSPAWARSYSCOM, Chemical, Biological, Radiological, Nuclear  
 
 
NATO NBC DATA INTEROPERABILITY (ATP45 SC-6) SUPPORT 
Thomas H. Johnson, Research Associate Professor 
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: Supported and participated in the allied technical publication ATP45 SC-6 sub-panel that is 
addressing nuclear, biological, and chemical (NBC) communications and information systems (CIS) 
interoperability. This task involved the review of appropriate NATO standards and doctrine and assistance 
to the U.S. delegation in formulating and delivering their technical proposal to the appropriate NATO 
panel. To accomplish this project, Johnson reviewed appropriate NATO documentation and standards and 
prepared briefs and papers for the U.S. delegation.  
 
KEYWORDS: ATP45 SC-6, NBC CIS, NATO 
 
 
DETERRENCE AFTER SEPTEMBER 11 
Jeffrey W. Knopf, Visiting Associate Professor 
Department of National Security Affairs 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: Many government officials and commentators have stated that September 11 shows that 
deterrence is no longer applicable to the security threats of the 21st century. This project evaluated the 
claim that deterrence is no longer useful and assessed how alternative concepts of deterrence might be 
employed to the main post-9/11 threats. It considered two main threats: terrorist attacks on the U.S. 
homeland and weapons of mass destruction (WMD) attacks by rogue states. The project assessed the 
similarities and differences between these two threats, and identified concepts of deterrence that might be 
useful in addressing these threats. The starting assumption of the project was that deterrence is not dead, 
but perceptions about how deterrence works may need to change in the new threat environment.  
 
KEYWORDS: 9/11, Deterrence, WMD, Homeland Security 
 
 
BIOLOGICAL WEAPONS AND HOMELAND SECURITY 
Peter R. Lavoy, Assistant Professor 
Department of National Security Affairs 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To produce a state-of-the-art course on biological weapons threats to the homeland and to 
plan potential U.S. responses. Because this is such a dynamic new field, two small workshops were held to 
bring together leading government and non-government experts to analyze the problem, identify 
informative readings and other course materials, and produce new course materials on subjects where none 
exist. Government and non-government experts participated in the course.  
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KEYWORDS: Biological Weapons, Homeland Security 
 
 
DISSUASION IN THE U.S. DEFENSE STRATEGY 
Peter R. Lavoy, Assistant Professor 
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: This project examined the strategy and force modifications required for U.S. defense 
planners to achieve the strategic goal of “dissuasion of potential adversaries from pursuing threatening 





STRATEGIC STABILITY IN SOUTH ASIA: U.S. POLICY OPTIONS 
Peter R. Lavoy, Assistant Professor  
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: This project brought Indian, Pakistani and American experts together in a workshop in 
Monterey, California, to analyze contemporary and projected sources of strategic stability and instability in 
South Asia and to identify practical policy measures that the United States and other governments could 
pursue to enhance the safety, security and stability arsenals in South Asia.  
 




Theodore G. Lewis, Professor 
Department of Computer Science 
Paul Stockton, Associate Professor 
Department of National Security Affairs 
Sponsor: Department of Homeland Security 
 
 
POST-CONFLICT DEMOCRATIC STATE BUILDING 
Carrie Manning, Associate Professor 
Department of National Security Affairs 
Sponsor: Naval Postgraduate School 
 
 
CIVIL-MILITARY RELATIONS IN CHINA AND CHINESE STRATEGY 
H. Lyman Miller, Associate Professor 
Department of National Security Affairs 
Sponsor: Office of the Secretary of Defense  
 
OBJECTIVE: Research sought by the Office of the Secretary of Defense (OSD)/NET assessment on 
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ANALYSIS IN SUPPORT OF EVOLVING U.S. STRATEGIC THOUGHT AND DOCTRINE: 
FISCAL YEAR 2003 STRATEGIC STUDIES  
Daniel J. Moran, Associate Professor 
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: To conduct four studies that shed light on the issues of dissuasion, deterrence, assurance 
and defeat, global strike, and bilateral strategic stability analysis. Through its academic expertise, 
international outreach and Department of Defense relationships, the Naval Postgraduate School is an ideal 
performer for these tasks. Four research efforts will be completed by the National Security Affairs faculty 
of the Naval Postgraduate School in support of the Advanced Systems and Concepts Office of the Defense 
Threat Reduction Agency:  
 
a. Alliance Relations and Concepts of Assurance, Deterrence, and Dissuasion 
b. Global Strike Warfare and National Defense Strategy: A Preliminary Assessment  
c. U.S.-Russian Strategic Confidence Building Measures  
d. Strategic Stability in South Asia. 
 
SUMMARY:  This project involved an analysis of the concepts of assurance, deterrence, and dissuasion 
articulated in the Quadrennial Defense Review, the Nuclear Posture Review, and the National Security 
Strategy of the United States. In addition, the implications of these concepts for America's alliance 
relations, notably in NATO, were explored. The theoretical and operational aspects of “dissuasion” and the 
distinction between dissuasion and deterrence were considered. The relationship between preemption and 
dissuasion included observations from Operation Iraqi Freedom.  
 
KEYWORDS: Assurance, Deterrence, Dissuasion, NATO, Operation Iraqi Freedom 
 
 
GLOBAL STRIKE WARFARE AND NATIONAL DEFENSE STRATEGY: A PRELIMINARY  
Daniel J. Moran, Associate Professor 
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
 
ISLAMISM AND DEMOCRATIC CHANGE AFTER IRAQ 
Vali R. Nasr, Professor 
Department of National Security Affairs  
Sponsor: Naval Engineering Logistics Office 
 
OBJECTIVE: To bring leading specialists on politics in the Muslim world together in a two-day 
conference in San Diego, California, to analyze the nature of political change in the Muslim world, and in 
particular, to discuss the impact of Islamic activism on democratization, and conversely, to examine how 
political reform is impacting Islamic politics. The conference also examined the implications of the 
findings for state-building in Iraq and its implications for United States policy in the Middle East and Iraq.  
 
KEYWORDS: Islamic Politics, Democratization, Muslim World 
 
 
THE STATE, ISLAMIST OPPOSITION AND REGIME CHANGE 
Vali R. Nasr, Professor 
Department of National Security Affairs  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Write and publish book and articles; formulate new research.  
 
KEYWORDS: Islamism, Regime Change 
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DIMENSIONS OF DEMOCRACY AND DEMOCRATIZATION IN AFRICA 
Jessica R. Piombo, Assistant Professor 
Department of National Security Affairs  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Write and publish book and articles; initiate new research program.  
 
KEYWORDS: Africa, Democratization 
 
 
A HISTORY OF POSSE COMITATUS 
Douglas Porch, Professor 
Department of National Security Affairs  
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To propose a set of policy recommendations and organizational responsibilities that might 
be applied in a future crisis. 
 
SUMMARY: It is inevitable that a mass casualty event, such an outbreak of smallpox in Los Angeles 
caused by a terrorist attack, the American military will be mobilized to quarantine and assure public order 
over a large area. This task will place the military in the unaccustomed role of enforcing civil order within 
the United States, and have extensive legal implications for the distribution of authority between federal, 
state and local officials. It will also pose significant challenges for civil-military relations in a country that 
traditionally has resisted using the military in the law enforcement role within the United States. 
 Americans have resisted the use of the military to enforce civil order at least since the Whiskey 
Rebellion in the early years of the Republic. However, it was the employment of the Army in the ex-
Confederance to police polling stations to ensure that no former Confederate soldiers voted, to protect 
judges, and corral the Ku Klux Klan that raised deep resentment in the South. Rough justice dispensed by 
Army commanders on the otherwise lawless frontier also raised the ire of civilians. The Posse Comitatus 
Statute of 1878 was passed at the end of Reconstruction. It forbids the employment of the Army “for the 
purpose of executing laws” unless authorized by the Constitution or by an act of Congress. This act has not 
always been popular with federal officials in need of muscle, and was violated in 1919 when the Army was 
mobilized to control rioting in Chicago, in 1932 to flush the bonus marchers out of the capital, and to 
control striking railway workers during the Truman Administration. The National Security Act of 1947 
extended to prohibition of “search, seizure, arrest, or other similar activity” to all services. The National 
Guard, which is not constrained by Posse Comitatus, has been placed under federal control to contain civil 
rights unrest in the 1950s and 1960s, rioting during the Democratic Convention, and in Los Angeles in 
1992. This use of the military to control civilian disturbances is justified by the fact that the President is 
responsible for enforcing public order, and so may set aside Posse Comitatus. Nevertheless, these events 
reveal a deep popular ambivalence, not to say hostility, to the use of the military to enforce public order, as 
was apparent in 1997, when a Marine patrol pressed into duty as border guards shot and killed a teen-aged 
boy near the border.  
 This ambivalence is reflected in the confused legal status of a statute that was originally passed as a 
rider to an appropriations bill. With the “war on terror” and the creation of a Department for Homeland 
Security, there will be increasing pressure to employ the military in a law enforcement role within the 
country. This proposal helped define and anticipate present and future problems by exploring the issues and 
debates of the past.  
 
KEYWORDS: Posse Comitatus, Civil Order, Law Enforcement 
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DEFINING THE POST-SADDAM SECURITY ENVIRONMENT IN THE MIDDLE EAST 
James Russell, Senior Lecturer 
Department of National Security Affairs 
Sponsor: Defense Intelligence Agency  
 
SUMMARY: Produced a series of articles by subject matter experts addressing the emerging security 
environment in the post-Saddam Middle East. These articles addressed security and strategic issues and 
also cultural, political and economic factors that must be taken into account as the United States crafts a 
security strategy to pursue its interests in the post-Saddam Middle East. These articles were published as 
part of an edited volume on U.S. policy challenges in the post-Saddam era.  
 
KEYWORDS: Middle East, Post-Saddam  
 
 
REGIONAL THREAT REDUCTION SEMINARS (IRAN/SYRIA AND SOUTH ASIA) 
James Russell, Senior Lecturer 
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
SUMMARY: Produced a series of articles by subject matter experts on the threat posed by Iran and Syria's 
programs to develop weapons of mass destruction and the implications of these programs for U.S. strategy 
and policy. The project also stimulated research on this issue within the Naval Postgraduate School (NPS) 
student body, leading to theses and other research that may prove useful to the U.S. policy community.  
 
KEYWORDS: Regional Threat Reduction, Iran, Syria, South Asia 
 
 
NATION-STATES, SOCIALIZATION AND MILITARISM IN THE MIDDLE EAST 
Barak A. Salmoni, Assistant Professor 
Department of National Security Affairs 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To write and publish book, edit volume, and articles; initiate new research program.  
 
KEYWORDS: Socialization, Militarism, Middle East 
 
 
HOMELAND SECURITY (HLS) RESEARCH INITIATION PROGRAM - FY02 
Paul Stockton, Associate Professor 
Department of National Security Affairs 
Sponsor: Department of Justice 
 
SUMMARY: The Homeland Security track of the National Security Affairs (NSA) Department was funded to 
create a body of knowledge in the new discipline called “Homeland Security” (HLS) in support of the 
Homeland Security Leadership Development curriculum, also funded by the Department of Justice (DoJ). 
The research funding portion of the DOJ program was in its first year of operation. Because it was 
new, it was necessary to provide seed funding to support research initiation activities on the part of 
faculty who may have expertise in an adjacent area, but needed assistance to learn how to apply their 
expertise to the unique problems of homeland security. For this reason, this proposal established a small 
side fund to provide faculty with travel, equipment, and time to “ramp up” in their respective disciplines. 
 
KEYWORDS: Homeland Security, Homeland Defense, Civil-Military Relations, Critical Infrastructure 
Protection, Asymmetric Conflict, Homeland Intelligence, Terrorism, Posse Comitatus, Federalism, 
Comparative Government, Public Policy, Budgeting and Planning 
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SUPPORT TO U.S. ARMY PACIFIC FOR HOMELAND DEFENSE 
Paul Stockton, Associate Professor 
Department of National Security Affairs 
Sponsor: U.S. Army Pacific 
 
SUMMARY: Provided education, applied research and training, and exercise and planning program 
support to strengthen the Department of Defense’s (DoD) capabilities for terrorism prevention and all 
hazards response in the Pacific area of responsibility. Augmented and assisted the existing joint/multi-
agency civil-support, military-support-to-civilian-authorities (CS-MSCA) plans, training and exercise 
program. The Center for Homeland Defense and Security (CHDS) supports the program through the 
development of graduate level education, the conduct of research and applied research that result in the 
U.S. Army Pacific’s (USARPAC) ability to conduct operational plan development, command post 
exercises, field training exercises, leadership symposiums, tabletop exercises, support for the research 
initiatives, training programs, and operational staff augmentation activities. These programs provide direct 
support to CDR USARPAC’s executive agent responsibilities for homeland defense and military support to 
civil authority as assigned by Commander, United States Pacific Command. These programs and associated 
curricula will be directly linked to the Navy, Army, Air Force and Marine component requirements that 
will allow the development of an integrated application of DoD directed homeland defense assets into an 
integrated program with civilian responders in the Asia Pacific region.  
 
KEYWORDS: U.S. Army Pacific, USARPAC, MSCA, Homeland Security 
 
 
TERRORISM FINANCING AND U.S. GOVERNMENT POLICY RESPONSES 
Harold Trinkunas, Assistant Professor 
Department of National Security Affairs 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: Prepare report examining various techniques and methods used by international terrorist 
organizations to finance activities that target the United States, provide recommendations for U.S. 
government policy responses to check this menace.  
 
SUMMARY: The research effort of the project prepared students in the homeland security curriculum to 
understand terrorist financing and develop policy responses to counter terrorists at the local, state, and 
federal government level.  
 
KEYWORDS: Terrorism Financing 
 
 
REMOTE SENSING TECHNOLOGIES AND TECHNIQUES 
James J. Wirtz, Professor 
Department of National Security Affairs 
Sponsor: Department of Energy – National Nuclear Security Administration  
 
OBJECTIVE: Assist the Naval Postgraduate School in its goals and mission, focusing on the Department 
of Energy (DoE) and the National Labs (NL) with issues relative but not limited to unmanned aerial 
vehicles (UAV), remotely piloted vehicles (RPV) and other technology applications which could assist 
NPS in mapping resources which may be utilized to support DoE’s goals and missions, with specific 
emphasis on remote sensing systems, non-proliferation research and national security.  
 
KEYWORDS: DoE, UAV, RPV, Remote Sensing 
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ALLIANCE RELATIONS AND CONCEPTS OF ASSURANCE, DETERRENCE, AND 
DISSUASION 
David S. Yost, Professor 
Department of National Security Affairs 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: This research comprises four efforts to be completed by the National Security Affairs 
faculty of NPS in support of the advanced systems and concepts office of the Defense Threat Reduction 
Agency. 
 
 a. Alliance relations and concepts of assurance, deterrence, and dissuasion 
 b. Global-strike warfare and national defense strategy, preliminary assessment 
 c. U.S.–Russian strategice confidence-building measures 
 d. Strategic stability in South Asia 
 
SUMMARY: Prepared written reports regarding research findings. The first report was in the form of a 
presentation at the Fifth Nuclear Stability Round Table, “Strategic Stability in a Turbulent World,” 28-29 
April 2003, in McLean, Virginia. The second report was in the form of a more extensive analysis submitted 
later in 2004. This approach enabled the Principal Investigator to make “mid-course corrections” at the 
Sponsor's direction regarding the themes and focus of the research effort. 
 This research focused on concepts of assurance, deterrence, and dissuasion articulated in the 
Quadrennial Defense Review (QDR), the Nuclear Posture Review, and the National Security Strategy of the 
United States. The research examined the implications of these concepts for America's alliance relations, 
notably in NATO. The concept of “dissuasion” was advanced in the 2001 QDR as one of America's four 
defense policy goals, along with assuring friends and allies, deterring threats, and (if deterrence fails) 
defeating adversaries. Deterrence concerns persuading an enemy not to employ capabilities during a 
specific contingency, while dissuasion involves persuading an adversary not to acquire capabilities. One of 
the main objectives of this research was to identify tensions among the QDR goals of assurance, deterrence, 
and dissuasion in America's relations with its allies, and to suggest ways in which these tensions can be 
managed or reduced. The objective was to clarify the practical operational utility of the concepts of 
assurance, deterrence, and dissuasion, and to specify how they might be employed to greater advantage in 
alliance relations.  
 
KEYWORDS: Assurance, Deterrence, Dissuasion, QDR, NATO 
 
 
ANALYZING DETERRENCE AND DISSUASION 
David S. Yost, Professor 
Department of National Security Affairs 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: The fundamental purpose of this research was to deepen understanding of the concepts of 
dissuasion and deterrence articulated in the 2001 Quadrennial Defense Review, the 2001 Nuclear Posture 
Review, and the 2002 National Security Strategy of the United States. The project called for an international 
comparative analysis focusing on Britain and France.  
 
SUMMARY: Because France and Britain are the U.S. allies in situations most comparable to that of the 
United States (nuclear weapons states with extensive foreign commitments and expeditionary military 
postures), the research devoted particular attention to identifying aspects of French and British policy 
relevant to deterrence, dissuasion, and homeland security. Since the terrorist attacks against the United 
States in September 2001, the British have placed new emphasis on concepts of national resilience and 
personal accountability in their deterrence policies, while the French have underscored their determination 
and capabilities to undertake preemptive action as a means of reinforcing deterrence. Circumstantial 
evidence suggests that non-state adversaries such as terrorist organizations are less likely to attack in 
situations in which they perceive a high risk of failure, owing (for example) to increased security measures 
at specific sites. Such evidence implies that deterrence by denial measures could usefully complement 
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threats of punishment, including those emphasizing the personal accountability of state and non-state 
attackers. Capabilities to survive and recover from terrorist or regional power attacks are useful in all 
circumstances, even if deterrence efforts based on threats of punishment or of operational defeat fail. The 
United States and its allies should therefore devote more attention and resources to cultivating national 




Yost, D., “Debating Security Strategies,” Istanbul Summit Special Issue of NATO Review, June 2004, 
http://www.nato.int/docu/review/2004/istanbul/2004-istanbul-e.pdf. (Revised version of an article first 
published in NATO Review, Winter 2003.) 
 
Yost, D., “France’s Nuclear Deterrence Strategy: Concepts and Operational Implementation,” Getting 
MAD: Nuclear Mutual Assured Destruction, Its Origins and Practice, pp. 197-237, Henry D. Sokolski 
(Ed.), Carlisle, Pennsylvania: Strategic Studies Institute, U.S. Army War College, 2004. 
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Yost, D., “Dissuasion and Allies,” Workshop on Dissuasion in U.S. Defense Strategy, sponsored by the 
Defense Threat Reduction Agency’s Advanced Systems and Concepts Office and organized by the Center 
for Contemporary Conflict, Naval Postgraduate School, 22 September 2004. 
 
Yost, D., “Europe and Missile Defense: A Historical Perspective,” Conference on Transatlantic Missile 





Bailey, N., “NATO and the War on Terrorism: Objectives and Obstacles,” Master’s Thesis, Naval 
Postgraduate School, March 2004. 
 
Falecki, T., “Poland and the European Union’s Security and Defense Policy,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
Fenton, A., “France, Italy and the 2002/2003 Iraq Crisis,” Master’s Thesis, Naval Postgraduate School, 
September 2004. 
 
Kiskis, R., “Deterrence and Reassurance in Lithuanian-Russian Relations,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
Papastathopoulos, S., “Expanding the European Union’s Petersberg Tasks: Requirements and Capabilities,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Rasco, C., “Demographic Trends in the European Union: Political and Strategic Implications,” Master’s 
Thesis, Naval Postgraduate School, June 2004. 
 
KEYWORDS: Deterrence, Dissuasion, Strategy, Europe, NATO, Terrorism, Missile Defenses, Weapons 
of Mass Destruction 
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SENIOR RESEARCH FELLOWSHIP, NATO DEFENSE COLLEGE 
David S. Yost, Professor 
Department of National Security Affairs 
Sponsor: Undersecretary of Defense for Policy, Office of the Secretary of Defense 
 
OBJECTIVE: To advance understanding of the security challenges facing the United States and its NATO 
allies. 
 
SUMMARY: In order to fulfill this objective, Professor Yost has been assigned to the NATO Defense 
College as a Senior Research Fellow since 26 September 2004. His main responsibilities have included 
participating in NATO Defense College workshops, seminars, and conferences, as a rapporteur, an 
organizer, a speaker, and a panel chairman; advising committees of the Senior Course; revising modules for 
the NATO Defense College’s “Fundamentals of NATO” distance learning course; contributing to the 
publications of the NATO Defense College’s Academic Research Branch; and working with research 
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Yost, D., “NATO and International Order in the Mediterranean and the Middle East,” Conference on 
Looking to the Future: Common Security Interests and Challenges in the Mediterranean and the Broader 
Region of the Middle East, NATO Defense College, Rome, Italy, 30 November 2004. 
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“Beware of the Spread of Sunni Anger,” International Herald Tribune, p. 7, 10 March 2004, and translated 
into Turkish as “Sünni militanlýða dikkat,” Radikal (Istanbul), 7 March 2004). 
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The Department of Computer Science provides graduate training and education in major areas of computer 
science. Both basic and advanced graduate courses are offered. Course work and research lead to either the 
degree of Master of Science or Doctor of Philosophy. The requirements to complete either program are 





 Computer Science 
 Software Engineering 





 Master of Science in Computer Science 
 Master of Science in Software Engineering 
 Master of Science in Modeling, Virtual Environments and Simulation 
 Doctor of Philosophy in Computer Science 
 Doctor of Philosophy in Software Engineering 
 Doctor of Philosophy in Modeling, Virtual Environments and Simulation 
 
 
RESEARCH THRUSTS AND FACULTY EXPERTISE: 
 
 Software Engineering:  
Professor Luqi, Professor Valdis Berzins, Professor Ted Lewis, Associate Professor Man-Tak 
Shing, Military Instructor CDR Deborah Kern, and Military Instructor LCDR Chris Eagle  
 Databases:  
Associate Professor Thomas Wu, Research Assistant Professor Wolfgang Baer, and Professor 
Robert McGhee 
 Information Security:  
 Associate Professor Cynthia Irvine, Lecturer Daniel Warren, and Lecturer Paul Clark 
 Artificial Intelligence:  
 Professor Robert McGhee, Professor Neil Rowe, and Assistant Professor Chris Darken 
 MOVES Institute (Modeling, Virtual Environments and Simulation)/Computer Graphics:  
Professor Michael Zyda, Assistant Professor Rudy Darken, Lecturer Eric Bachmann, Research 
Professor John Hiles, and Research Professor Michael Capps 
 Networks:  
Associate Professor G. M. Lundy, Assistant Professor Geoffrey Xie, and Associate Professor Bret 
Michael 
 Programming Languages:  





 Computer Science Academic Laboratory 
 Artificial Intelligence and Robotics Laboratory 
 Computer Systems and Security Laboratory 
 Computer Graphics and Video Laboratory 
 Microcomputer Systems Laboratory 
 Modeling, Virtual Environments and Simulation Institute 
























 Center for Information Security (INFOSEC) Studies and Research (CISR) 
 Center for the Study of Mobile Devices and Communications 
 Software Engineering Center 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 




























Eagle, Chris, LCDR, USN   




 Faculty Listing 
 
 
Rowe, Neil C. 
Professor and  
















Associate Professor  









Falby, John    
Senior Lecturer  





Professor   















McDowell, Perry    
Lecturer   




Berzins, Valdis   
Professor 




Hiles, John   
Research Professor  




McGhee, Robert B.  
Professor 
CS/Mz   
656-2026 
mcghee@nps.edu 
Capps, Michael   
Research Assistant Professor 




Irvine, Cynthia   
Professor  




Michael, Bret   
Associate Professor  
CS/Mj   
656-2655 
bmichael@nps.edu 












Research Associate   




Darken, Rudy   
Assistant Professor  
CS/Dr   
656-4072 
darken@nps.edu 
Lewis, Ted   
Professor   





Research Assistant  







Shifflett, Dave   
Research Associate  




Warren, Daniel  









Shing, Man-Tak   
Associate Professor  
CS/Sh   
656-2634 
mantak@nps.edu 
Wu, Thomas   
Associate Professor  




Volpano, Dennis   
Assistant Professor  
CS/Vo   
656-3091 
volpano@nps.edu 
Xie, Geoffrey   
Assistant Professor  










FRAMEWORK FOR PROGRAM DYNAMIC ANALYSIS 
Mikhail Auguston, Associate Professor 
Department of Computer Science 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Develop methods and tools for program automated testing, debugging, security and quality 
of service control, and visualization.  
 
KEYWORDS: Debugging, QOS, Visualization 
 
 
A FRAMEWORK FOR SEAMLESS INTEROPERATION OF HETEROGENEOUS 
DISTRIBUTED SOFTWARE COMPONENTS 
Mikhail Auguston, Associate Professor 
Department of Computer Science 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop a generative component-based meta-model, to develop methods and tools for 
automatic generation of glue and wrapper software for communication between components, and to 
develop methods and tools for quality of service control.  
 
KEYWORDS: Heterogenous Distributed Software, Automatic Glue and Wrapper 
 
 
PROTOTYPE MICRO-TERRAIN DATABASE GENERATION SYSTEM 
Wolfgang Baer, Research Associate Professor 
Department of Computer Science 
Sponsor: TRADOC Analysis Center - Monterey 
 
OBJECTIVE: The purpose of this research is focused on the blueprint for constructing prototype 
micro-terrain database generation system products and reducing the technical risk for doing so. 
 
SUMMARY: System design and prototype implementation experiments leading to one-meter resolution 
intrinsic earth surface descriptor terrain database utilizing image feedback technology. The parameters 
populating such a database represent intrinsic material and geometric properties of the earth surface. Such 
intrinsic parameters are required in order to calculate radiometric energy intensities emitted from the earth 
surface under varying lighting, climactic, and sensor configurations. Intrinsic parameters are 
objective descriptions of what is on the ground. They represent the objective end product of remotely 
sensed data processing schemes and the best mechanism for storing current knowledge of the earth surface. 
High-resolution earth surface databases find applicability to a large variety of simulation, weapons design, 
mission rehearsal and battlefield data processing applications. Cost effective off-the-shelf computers and 
storage devices have reached the power that such databases can be built and disseminated within the 
Department of Defense (DoD).  
 
KEYWORDS: Simulation, Battlefield Visualization, High Resolution Terrain, 3-D Imaging 
 
 
TERRAIN DATABASE GENERATION PRODUCT PUBLICATIONS 
Wolfgang Baer, Research Associate Professor 
Department of Computer Science 
Sponsor: TRADOC Analysis Command 
 
OBJECTIVE: Testing, documentation, and user delivery packaging of the Perspective View Nascent 
Technologies (PVNT) perspective view and database generation system. The effort moved the PVNT package 





Defense (DoD), capable of being modified and/or maintained outside the academic research environment in 
which it was developed.  
 
KEYWORDS: Terrain Database, PVNT, Perspective View 
 
 
SPECIFICATION, DESIGN AND IMPLEMENTATION OF A HIGH ASSURANCE NETWORK 
ADDRESS TRANSLATION OVER IPV6 
ENS Trevor J. Baumgartner, USN 
ENS Matthew Phillips, USN 
Department of Computer Science 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
OBJECTIVE: The overall objective of this research was the specification, design and prototype 
implementation of a high assurance network address translation (NAT) over IPV6. This research was 
intended to facilitate the Department of Defense (DoD) transition to IPV6. It addressed the alignment of the 
NAT protocol with IPV6. NAT for IPV4 was developed primarily to curb overcrowding of the Internet due 
to dwindling global Internet Protocol (IP) addresses. However, the NAT protocol today provides a number 
of additional services that will continue to be necessary when the DoD makes a transition to the use of 
IPV6. Researchers identified NAT functionality needed in the IPV6 environment, developed a draft RFC 
for that functionality, designed a high assurance NAT mechanism, and implemented a working prototype. 
This prototype will be used in the context of a high assurance, multi-level secure testbed intended to 
support coalition and homeland security operations.  
 
KEYWORDS: Network Address Translation, IPV6, NAT Protocol 
 
 
A METHODOLOGY FOR THE ASSESSMENT OF AVIONICS ARCHITECTURES USING A 
FORMAL ARCHITECTURE DESCRIPTION LANGUAGE TO ASSESS THE RISK OF 
INTEGRATION OF WEAPON COMPONENTS 
Valdis A. Berzins, Professor 
Department of Computer Science 
Sponsor: U.S. Army Avionics and Missile Systems Command 
 
OBJECTIVE: To investigate a system engineering approach to software/hardware integration. This 
approach will be model-driven and architecture based and will reduce the cost of architectural change and 
provide a means of more rapid assessment and integration in the future. 
 
SUMMARY: The integration of new weapon components onto existing aviation platforms is very 
expensive yet often needed as new weapon systems are developed and upgraded. The current approach is 
highly dependent on imprecise documents, the memory of system engineers, spreadsheets and case tools. 
No architectural model exists of the system that expresses its final state and behavior, and can be used to 
evaluate the proposed integration. The current approach does not use a formal architecture description 
language to capture the architecture in an abstract but precise way, but rather is strongly empirical. 
Moreover, architectural design in many ways is an art form with vague patterns and fuzzy data. 
Architectural change is therefore difficult and risky for current approaches.  
 In order to reduce the cost and provide a means of more rapid assessment and integration in the future, 
researchers investigated a system engineering approach to software/hardware integration. This approach 
was model-driven and architecture based. A formal architecture description language provided the means to 
describe, in a standard way, the structure and execution behavior of the system. The methodology described 
the process for reviewing the architectural requirements, selecting the relevant parts of the architecture, 
selecting the modeling techniques required, developing and analyzing the model, and evaluating the results 
to determine areas of significant risk. The analysis approaches covered basic areas of system risk in 
integration (schedulability, latency, safety, security, etc.) and highlighted the issues that should be resolved 





 In FY 2004, the process associated with the methodology for a specific real avionics platform and 
weapon was developed. A model of an existing avionics architecture was also developed. Researchers 
applied the proposed methodology to an actual avionics architecture upon which a new missile system will 
be integrated when it is complete. The method will be used to develop a precise specification and analysis 
of the avionics system architecture (parameterized for analysis), which will be used by the system 
integrator to further specify refined values for the system, to extend this to the level of detail desired and to 




Qiao, Y., Luqi, and Zhang, L., “Design Automation Method for Software Development in Complex 
Embedded Systems,” Proceedings of the 19th International Conference on Computers and Their 
Applications, pp. 317-320, Seattle, WA, 18-20 March 2004. 
 
KEYWORDS: Software Architecture, Architecture Description Language, Integration 
 
 
A METHOD TO INTEGRATE NON-REAL-TIME HETEROGENEOUS SYSTEMS WITH REAL-
TIME SYSTEMS IN AN ENTERPRISE ENVIRONMENT 
Valdis A. Berzins, Professor 
Department of Computer Science 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To present and implement a systematic method to facilitate the dynamic integration of real-
time and non-real-time systems. The core of the method is an entity called a Temporal Cache (TC). This 
method will reduce the cost and risk in the integration.  
 
SUMMARY: Military missions change as situations in the world change. The military will need to adapt 
its force makeup to effectively fulfill the assigned missions. This process will move and integrate forces 
and units that may not have trained or worked directly together or have limited training together. Part of the 
adapting that takes place is the integration of computing systems to effectively support these missions. This 
system integration will need to occur in a quick and controlled way and in ways that were never planned or 
anticipated. However, current methods for system integration lack efficient support for this context of 
integration. They mainly focus on data interoperability and pay little attention to certain issues that are 
necessarily addressed in the dynamic integration of real-time and non-real-time systems. These issues 
include (a) timing constraints and resource usage; and (b) the feasibility of the integration. This gap makes 
dynamic integration risky and costly.  
 The goal of this research is to present and implement a systematic method to facilitate the dynamic 
integration of real-time and non-real-time systems. The core of the method is an entity called a Temporal 
Cache (TC). The responsibility of the TC is separated into two sections: (a) the Temporal Cache will serve 
as an arbitrator that determines whether the integration is feasible by considering the satisfiability of timing 
constraints and resource usage; (b) the Temporal Cache will also handle data interoperability and timing 
constraints to support integration. 
 In FY 2004, researchers developed the criteria that the TC uses to determine whether an integration is 
feasible. Firstly, TC will need to determine if the enterprise of systems is schedulable after some systems 
are added, deleted, or immigrated from/to the enterprise. The immigration capability will be limited to non-
real-time systems. To develop this criterion, a dynamic scheduling analysis algorithm for distributed 
systems with non-real-time and real-time tasks was developed. Another criterion that TC uses determines 
whether the enterprise of systems still has good resource usage after some systems are added, deleted, or 
immigrated from the enterprise. To develop this criterion, a resource usage metric is defined and a method 
is developed to compute this metric.  
 In the future, a scheduler will be developed to dynamically schedule real-time and non-real-time tasks 
in distributed systems and an integration mechanism to address the interoperation of systems in the 
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FEASIBILITY OF WIRELESS IN A DCID 6/3 ENVIRONMENT 
Karen L. Burke, Research Associate Professor  
Department of Computer Science 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To examine various wireless technologies that could be used in a typical enterprise 
environment and map them to the requirements for confidentiality, availability and integrity. 
 
SUMMARY: Phase 1 of this study considered the Level of Concern for confidentiality to be High, Protect 
Level 1, with Levels of Concern for Availability and Integrity considered Medium. For Phase 1 of the 
study, the highest level of data was X. For subsequent phases, the highest level of data will be Top Secret 
Sensitive Compartmented Information. Two short progress reports were delivered to the sponsor and 
student Master’s thesis research was supported. Areas of non-compliance to DCID 6/3 were noted. 
 
KEYWORDS: DCID 6/3, Wireless 
 
 
WIRELESS LOCAL AREA NETWORK ENTERPRISE ARCHITECTURE 
Karen L. Burke, Research Associate Professor  
Department of Computer Science 
Sponsor: National Reconnaissance Office 
 
SUMMARY: Developed an architecture for a typical enterprise environment using various wireless 
technologies. A description of what would be included in the “enterprise” and its highest level of data was 
determined during Phase 1. The architecture developed during Phase 1 was preliminary. Phase 2 will 
combine this output with the results of the proposal entitled “Feasibility of Wireless in a DCID 6/3 
Environment.”  
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REAL-TIME, ON-LINE, LOW IMPACT, TEMPORAL PATTERN DETECTION FOR 
EXTENSIONS OF AUTOMATED TRANSPORTATION (AIRLINE) SECURITY PROFILING 
Doron Drusinsky, Associate Professor 
Department of Computer Science 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To demonstrate the ability of run-time monitoring tools to provide real-time, on-line, and 
low-impact temporal pattern detection capabilities for future extensions of the airline security profiling 
system. Researchers will focus on system architecture for such temporal pattern detection, and demonstrate 
meaningful temporal pattern detection scenarios in a heterogeneous environment that does not share data 
formats, does not preserve temporal data, is not totally open to external queries, and is performance 
sensitive.  
 







RUN TIME MONITORING OF TLCCHART SPECIFICATIONS 
Doron Drusinsky, Associate Professor 
Department of Computer Science 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: The goal was to define TLCharts, visual and intuitive, yet formal and powerful, formal 
specifications language based on a hybrid of UML statecharts and temporal logic. To develop a method 
whereby TLCharts are converted to a set of prioritized temporal logic rules for the purpose of run-time 
monitoring of TLChart specifications using existing temporal logic monitors.  
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IO CHALLENGE SUPPORT 
LCDR Christopher Eagle, USN, Military Faculty 
Department of Computer Science  
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
OBJECTIVE: To provide research support to the Space and Naval Warfare Systems Center - San Diego 
(SSC-SD) Southwest Region Center for the final deliverable to the Advanced Research and Development 
Activity (ARDA) group for the IO Challenge #3 problem. 
 
SUMMARY: The Advanced Research and Development Activity (ARDA) established three regional 
research centers, the East coast, the northwest (Pacific Northwest National Laboratory), and the southwest 
(San Diego, Space and Naval Warfare Systems Command (SPAWAR) Systems Center). The Southwest 
Region Center was tasked by ARDA to come up with a solution to a classified research problem, IO 
Challenge #3. Naval Postgraduate School (NPS) faculty and students, under the auspices of the CRC, 
participated in IO Challenge # 3 in FY03, conducting research and hosting workshop at NPS. IO Challenge 
# 3 is nearing completion, with the final presentation to the ARDA group scheduled for March 2004. NPS 
participants will collaborate with other SSG-SD team participants to develop and document the final 
solution for final presentation to the ARDA group. 
 In support of this task, NPS participated and contributed to the IO Challenge workshops by attending 
or hosting the workshops, collaborating with other SSC-SD team members and contributing to the final 
report for the third problem of the IO Challenge.  
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ORGANIZATION AND CONDUCT OF RED- AND WHITE-TEAM SUPPORT FOR TWO 
CYBER-DEFENSE EXERCISES 
J. D. Fulp, Lecturer 
Department of Computer Science 
Sponsor: Department of Defense PKI Program Management Office  
 
OBJECTIVE: To arrange for white (i.e., refereeing) and red (i.e., computer/network attack) team support 
for two Inter Service Academy cyber-defense exercises that will take place during April of calendar years 
2005 and 2006. The principal investigator leveraged his experience from leading a Naval Postgraduate 
School team in three previous exercises, along with contracted support from CDXperts, Inc., and various 
Department of Defense vulnerability-assessment organizations to plan, organize, and execute the myriad 
white- and red-team activities necessary to conduct graded cyber attack/defend exercises.  
 
SUMMARY: The project, still active in 2005, entails the definition and implementation of the various 
administrative and functional elements necessary to make a competitive network attack/defend exercise a 







• Set up VPN services among all exercise teams/locations 
• Develop a realistic and interesting blue network scenario 
• Identify and publish hardware and software resources needed by each blue team to enable them to 
build networks that comply with the exercise scenario and directive 
• Develop rules of engagement to be adhered to by blue teams 
• Develop rules of engagement to be adhered to by red teams 
• Develop oversight procedures necessary to ensure adherence to rules of engagement 
• Enforce rules of engagement compliance during active period of exercise 
• Delineate penalty point assessments for rules violations 
• Monitor for, and document any rules violations that occur during the exercise 
• Develop scoring criteria for exercise 
• Identify, solicit, and coordinate with interested DoD red teams for support of the exercise 
• Coordinate with red teams to ensure a methodology is followed which will best result in equal 
scrutiny being applied to all blue teams, and in sufficient documentation to support meaningful 
post-exercise feedback to the blue teams 
• Develop methodology of score-keeping to be employed during conduct of the exercise 
• Conduct score-keeping during the active portion of the exercise 
• Provide coordination and logistics to support white team manning at each of the blue and red team 
locations  
• Establish and maintain an out-of-band communications infrastructure for use by all teams during 
the active phase of the exercise 
• Decide on the format and content of the report that announces the final scoring/results 
• Publish the final scoring/results 
• Draft and publish an exercise directive that provides: a) sufficient guidance for all (blue, white, 
red) teams to be able to meet the requirements of the developed scenario, b) clearly communicate 
the rules of engagement, c) clearly specifies the scoring criteria, and d) clearly specifies any 
necessary coordination with white Cell members 
• Maintain a CDX website that will serve as a single point of reference and resource retrieval for 
most, if not all, of the information needed by each of the teams to prepare for and conduct the 
exercise 
• Deliver a final after-action report that summarizes and marshals all documentation and work done 
to achieve all previous bullet items 
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ANALYSES FOR SECURE WIRELESS FEDERAL AVIATION ADMINISTRATION (FAA) 
INFRASTRUCTURE 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Federal Aviation Administration 
 
OBJECTIVE: To investigate three areas: wireless transition process recommendations for the Federal 
Aviation Administration (FAA), integrity of data and applications in complex heterogeneous networks, and 
high assurance remote authentication for sensitive wireless communications. 
 
SUMMARY: The focus of this is ongoing project was to develop a report that provides a high level 
recommendation for a wireless roll-out plan with wireless security policy applicable to the FAA. It 
described general information about wireless technology, including the different wireless standards and 
security measures required to protect an entire network from its wireless components. The history of the 
wireless roll-out process at Naval Postgraduate School with lessons learned was summarized as a case 
study. Other pertinent points for a wireless roll-out plan were examined. 
 






AUTHENTICATION AND INFORMATION SECURITY STUDIES 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Office of Naval Research  
 
OBJECTIVE: To continue ongoing research primarily focused on authentication in distributed systems. 
The work will entail research toward the development of a high assurance network authentication and 
communications-support devices, studies related to the Department of the Navy (DoN)/Department of 
Defense (DoD) public key infrastructure, extensions to ongoing efforts in certification and accreditation, as 
well as the creation of frameworks for the effective distribution of Center for Information Systems Security 
Studies and Research (CISR)-produced education, training and awareness (ETA) products. 
 
SUMMARY: The approach is to develop a high assurance separation kernel, along with a trusted 
application built to be hierarchically layered on the Kernel, as both a reference implementation exemplar 
system for trusted computing and a useful high assurance authentication device. The high-level 
requirements of the TCX Separation Kernel (TCX-SK) are for a small, portable component that will take 
advantage of modern hardware support, where applicable, and that will provide users with correct security 
operation and an a priori assurance against system subversion. To demonstrate the Kernel’s utility, a high 
assurance network authenticator will be developed as the application portion of the Trusted Computing 
Exemplar system.  
 A set of TCX life cycle-related documents was completed, as follows: Life Cycle Plan, Configuration 
Management Plan, Configuration Management Procedures, and Physical and Personnel Security Plans.  
 The high-level policy and requirements definition for the TCX-SK has been completed. These 
requirements have been developed in conjunction with the generic requirements definition of a class of 
high assurance separation kernels. Since the TCX project will be able to utilize the Protection Profile 
during the TCX-SK evaluation process, participation in the development of that profile provides progress 
for both system design activity and the product evaluation activity.  
 In conformance with the configuration management plan, initial versions of the TCX Project 
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CENTER FOR INFORMATION SYSTEMS SECURITY STUDIES AND RESEARCH (CISR) 
INFORMATION ASSURANCE SCHOLARSHIP PROGRAM, SUMMER 2002 INCREMENT 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: National Security Agency 
 
SUMMARY: Provided Master’s and Ph.D. level education in the science and practice of information 
assurance to selected U.S. military and U.S. Department of Defense (DoD) civilian students who will 
subsequently serve as DoD civilians or military personnel. This increment of the effort covered the Naval 
Postgraduate School summer quarter for fiscal year 2002.  
 
KEYWORDS: Information Assurance, CISR, Scholarship, Education 
 
 
CRITICAL INFRASTRUCTURE PROTECTION ANALYSIS 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Department of the Navy - Chief Information Officer 
 
OBJECTIVE: To establish a laboratory in which to conduct tests of real time critical infrastructure 
components. The laboratory will serve as both a facility in which students and faculty can conduct research 
that will identify infrastructure vulnerabilities and a facility to test vulnerability remediation technologies. 
Emphasis of the first phase of this laboratory development will focus on Supervisory control and Data 
Acquisition (SCADA) technologies. 
 
SUMMARY: The Supervisory Control and Data Acquisition (SCADA) Technology Testing and 
Demonstration Model (SCADA Lab) has been constructed to provide a functioning SCADA system in a 
laboratory setting using Rockwell Automation software and Allen-Bradley hardware. The non-process 
control hardware and software in the laboratory is industry-standard and widely available. The 
configuration and installation of an initial set of laboratory components was completed.  
 A framework security architecture analysis of SCADA systems was developed and a set of small 
experiments were designed and completed to test both the laboratory and the framework. 
 Assessment of SCADA systems was further extended to include a vulnerability analysis for a local 
public infrastructure. This effort lead to recommendations for the SCADA system vulnerability check list 
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HIGH ASSURANCE SYSTEMS AND EDUCATIONAL TOOLS 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To investigate three areas: use of hardware-based encryption in the context of the 
multilevel testbed and its trusted channel; hardware for high assurance platforms such as the trusted 
computing exemplar; and the development of scenarios for conveying information assurance concepts in 
the context of an interactive simulation game, CyberCIEGE. 
 
SUMMARY: This research involves three areas. Each is discussed below.  
 
Multilevel Testbed Encryption Experiments and Trusted Channel Implementation 
Researchers are in the process of integrating OpenSSH into the MYSEA environment to demonstrate that 
an authorized user can login to the MYSEA server from either the MLS LAN or a single level network (via 
the TCM) and access data and services available on the MYSEA server. With the OpenSSH server running 
as a single level daemon on the MYSEA server, a user on a single level network can login and execute shell 
commands on the MYSEA server over encrypted channels.  
 An area of research has been provision of encrypted connectivity between MYSEA server and 
classified legacy networks. The target operating system base for the TCM is the Trusted Computing 
Exemplar (TCX) Separation Kernel, which is still under development. To demonstrate the purpose of the 
TCM in the MYSEA environment, it is necessary to develop a TCM prototype that runs on an existing 
operating system. To satisfy this need, an effort to prototype the TCM using Linux as the operating system 
base was initiated. Since the single level network behind a TCM could be a classified network whose IP 
addresses are also classified, experiments have been conducted on various Network Address Translation 
(NAT) mechanisms to determine if NAT could be used by the TCM to hide those addresses.  
 Integration of the TACLANE devices into the testbed has been another area of research. Procedures for 
setting up and maintaining the TACLANE units have been completed. 
 
Trusted Computing Exemplar Hardware Studies 
It is anticipated that the next generation of hardware platforms will contain features that can be used to 
increase system security. The Next Generation Secure Computing Base (NGSCB) architecture of Microsoft 
and Intel has been examined. Current efforts are focused on the exploration of hardware features that could 
be used in conjunction with the attestation mechanism planned for the NSCOB architecture.  
 Simple Scalar was identified as an appropriate simulation environment for the advanced hardware 
studies. The simulator has been acquired, installed and configured. Simple applications have been executed 
on the simulator. Researchers have determined how to modify the micro-architecture of the simulator and 
have developed a design for registers and instructions to support selected security-relevant features. 
Processor attributes appropriate for attestation in a high assurance multilevel secure environment have been 
identified. 
 A rather detailed summary of the initialization sequences for both Linux and OpenBSD has been 
developed.  
 
CyberCIEGE Advanced Scenario Development 
Following the completion of several preliminary milestones several initial scenarios have been developed 
and are undergoing acceptance testing. The acceptance testing has allowed U.S. to identify minor 
adjustments to the simulation engine that increase its authenticity. The game scenario definition tool has 
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HIGH ASSURANCE TESTBED FOR MULTILEVEL INTEROPERABILITY 
Cynthia E. Irvine, Professor 
Timothy E. Levin, Research Associate Professor 
Thuy D. Nguyen, Research Associate 
Department of Computer Science 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To demonstrate how U.S. participants can use a single workstation for multilevel access to 
U.S. and coalition WANS at different classification levels. A testbed will be created for a multilevel secure 
architecture that combines protection against cyberterror with a hardened foundation for coalition 
operations. Leveraging previous results in multilevel security and high assurance, this demonstration will 
provide popular desktop applications, e.g., Microsoft, to clients in a MLS/MSL environment and will 
provide operators within a community of interest network (COIN) with web-based views of multilevel 
information. This latter work will investigate the feasibility of multilevel aggregation services. 
 
SUMMARY: The MLS Testbed provides an evolving simulated distributed MLS environment that will 
permit experimentation in the following research areas 
 
• Secure connections to classified networks 
• Secure reuse of commercial-off-the-shelf (COTS) and legacy hardware and software components 
• Application of high assurance security technology to legacy components 
• Interoperability with the DoD PKI infrastructure 
• Centralized security management within the context of a distributed environment 
• Secure integration of multilevel security with existing sensitive networks 
• High assurance trusted path techniques for managing access to classified networks 






 The notion that clients can be heterogeneous will support efforts involving a variety of partners, which 
in turns will promote MLS awareness in the commercial sector. 
 The Testbed provides a demonstration environment for the following functionalities  
 
• True multilevel access to data at multiple levels of security using a single commercial workstation 
• Single-level-at-a-time access to sensitive single level networks (i.e., simulated NIPERNET and 
SIPERNET) using a single commercial workstation 
• Access to heterogeneous operating systems, hardware components and applications 
• Use of a high assurance server as locus of high assurance security policy enforcement 
• Use of hand held appliances for trusted path 
• Controlled interaction of disparate coalitions and enclaves 
 
 In 2004, the Center for Information Systems Security Studies and Research (CISR) team constructed 
the initial MLS testbed. The current testbed differs in several ways from the ultimate Testbed design. Since 
the development of the Trusted Channel Module (TCM) component is not yet completed, the SECRET and 
COALTION segments are separately connected to the MYSEA server via two single level network 
interfaces instead of being multiplexed onto one MLS interface.  
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NAVY SYSTEM CERTIFIER PROGRAM – PHASE III 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To develop and maintain current material to support a program to enhance the ability of 
individuals required to carry out the certification of Navy systems. This effort will be a continuation of 





This work is intended to maintain a series of modules to developed as part of a tiered Navy System 
Certifier Program that complies with the requirements of NSTISSI No. 4015 (National Training Standard 
for System Certifiers) and addresses recent developments and standards associated with the certification of 
Navy systems. 
 
SUMMARY: Course material was updated and included in a course taught two quarters at NPS. The 
course was taught twice for the customer and their invited participants. Comments from the students and 
sponsors were incorporated into the course.  
 As a result of this effort the course will continue to be offered at NPS on a semi-annual basis and will 
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SECURITY CHALLENGES AT THE FOUNDATION: SECURE COMPUTING ENABLED BY 
HARDWARE, FIRMWARE AND LOW-LEVEL SOFTWARE 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Defense Advanced Research Projects Agency 
 
OBJECTIVE: The ability to store, process, and forward data at multiple levels of classification, including 
unclassified data and code from untrusted sources on a single platform and over a single network, 
represents one of the most difficult challenges in secure computing today and a potentially high military 
and civilian payoff if successfully achieved. This research is to hold a workshop to shed light on the state of 
the art in this technical area, key challenges in developing technical solutions, success criteria, and metrics 
for measuring progress toward the stated goals.  
 
SUMMARY: The objective of the workshop was to articulate the Defense Advanced Research Projects 
Agency (DARPA)-hard problems that must be addressed in order to make revolutionary progress in the 
area of secure computing. A summary of a set of key technical research problems that must be solved was 
developed, the criteria for success were explored, and possible metrics by which success can be measured 
in a research program focused in this area were discussed. 
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SECURITY-ENHANCED WINDOWS CE 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Microsoft 
 
SUMMARY: The Naval Postgraduate School (NPS) performed research in developing a security-
enhanced version of one or several versions of Microsoft Windows CE operating system (“Windows CE”). 
NPS conducted research in Windows CE with the objective of identifying opportunities for system 
security and integrity enhancements, conducting a penetration analysis of Windows CE, and 
designing and implementing a prototype of initial security enhancements to Windows CE. Microsoft 
supported NPS activities by contributing certain resources and technical expertise with respect to 
embedded operating systems and related devices. This research benefits the NPS research program 
through faculty and students working on current applied problems in secure systems, operating systems, and 





and subversion resistance studies, design analysis, and prototype security enhancements, all of which 
could be utilized in a military-oriented product line.  
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SEPARATION KERNEL PROTECTION PROFILE, PHASE II 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: National Security Agency 
 
OBJECTIVE: To develop of a high robustness Common Criteria (CC) protection profile for a Target of 
Evaluation (TOE) intended to enforce a separation policy at the EAL6+ level of assurance. The analysis of 
the separation policy and the requirements for this category of TOEs will provide the guidance required for 
the development of a high robustness separation kernel protection profile at the EAL6+ level of assurance. 
This protection profile will be applicable to a category of separation kernels, including the Trusted 
Computing Exemplar and real-time separation kernels. In addition, this work will provide insight into the 
development of medium robustness protection profiles for this category of TOEs. The first phase of this 
research produced a preliminary draft protection profile. The proposed effort will continue that work 
 
SUMMARY: The focus of this effort has been to create drafts for Protection Profile-Separation Kernel, 
applicable to an EAL6+ separation kernel. This work has included development of the Target of Evaluation 
(TOE) description for the Separation Kernel approach. A result of this work was the open distribution by 
the National Security Agency (NSA) of a draft version of the Separation Kernel protection profile. Efforts 
to refine the protection profile continue. 
 This effort included comments and insight contributing to the creation of other documents associated 
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SIMSECURITY PROJECT ENHANCEMENTS 
Cynthia E. Irvine, Professor 
Timothy E. Levin, Research Associate Professor 
Department of Computer Science 
Sponsor: National Security Agency 
 
OBJECTIVE: To create a distance-learning lab to support hands-on learning, working with or without 






SUMMARY: The actual sponsor of this project was the Office of the Secretary of Defense. The National 
Security Agency (NSA) acted as the Program Manager. This project is ongoing. The following summarizes 
project objectives and project status. The name of the project was changed from SimSecurity to 
CyberCIEGE.  
 CyberCIEGE is intended to teach computer security principles. CyberCIEGE players construct 
computer networks and make choices affecting the ability of these networks and the game’s virtual users to 
protect valuable assets from attack by both vandals and well-motivated professionals.  
 In its interactive environment, CyberCIEGE covers the significant aspects of information assurance, 
and network management and defense. Users purchase and configure workstations, servers, operating 
systems, applications, and network devices. They make tradeoffs and prioritization decisions as they 
struggle to maintain a good balance between budget, productivity, and security. In its more complex 
scenarios, users advance through a series of stages and must protect increasingly valuable corporate assets 
against escalating attacks.  
 The CyberCIEGE encyclopedia of security concepts contains information assurance facts. Instructional 
movies supplement the written material. CyberCIEGE is intended to support many educational venues, 
from basic workforce awareness training to university classes.  
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TRUSTED COMPUTING EXEMPLAR: DESIGN AND IMPLEMENTATION FOR HIGH 
ASSURANCE CONFIGURATION MANAGEMENT SYSTEM AND DEVELOPMENT TOOLS 
FRAMEWORK 
Cynthia E. Irvine, Professor 
Department of Computer Science 
Sponsor: Office of Naval Research 
 
SUMMARY: The Center for Information Systems Security Studies and Research (CISR) in Monterey, 
California, is engaged in a novel approach to strengthen the national information infrastructure and 
reinvigorate the national capability to produce trustworthy computing systems.  
 
KEYWORDS: Trusted Computing Exemplar, High Assurance, CISR 
 
 
ESTABLISH/MAINTAIN SOFTWARE ENGINEERING TEST LAB (SETL) 
Luqi, Professor 
Department of Computer Science 
Sponsor: Joint Information Operations Center 
 
OBJECTIVE: To establish a lab for the purpose of stress testing real Department of Defense (DoD) 
systems with an emphasis on a holistic approach. The systems were made available through a separate 
Internet Service Provider (ISP) other than the Naval Postgraduate School’s (NPS) to achieve isolation from 
NPS networks and to enable the testing of different access configurations, and to allow for outside entities 
to red team the systems. This lab will be used to evaluate multiple different DoD systems over the years. 
 
SUMMARY: The Naval Postgraduate School (NPS) installed systems selected by Joint Information 
Operations Center (JIOC)in the SETL. This lab is equipped with 13 Dell PowerEdge 650 server computers, 
5 Dell PowerEdge 1650 server computers, 2 MasterView Max SlideWay LCD KVM Switches, a NetGear 
802.11 a/b Wireless Access Point, a Cisco Pix 501 Firewall, 2 Cisco 2600 Series Routers, a U.S. Robotics 
V.92 56K FaxModem, 3 Cisco Catalyst 2950 Switches, a APC Back-UPS CS 350, 2 APC Back-UPS 
CS500, and a APC Back-UPS XS 1000. 
 Three different combinations of software were installed on these computers by NPS. They include a 
Windows 2000 Server, an Oracle 9i Server; a Windows 2000 Server, ANID Java Software, Oracle for 
ANID, SecureScope; and Linux Red Hat v9, CyberWolf, Snort 2.0.2-5. 
 Systems capability and usability in different deployment paradigms was evaluated. Security and safety 
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KEYWORDS: Internet Service, Testing, System Evaluation, Security, Vulnerability 
 
 
RESEARCH GAP ANALYSIS OF COMPOSEABLE FORCENET (CFN) 
Luqi, Professor 
Department of Computer Science 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To provide technical support towards evaluating the Composeable FORCEnet (CFn) 
concept and identify its related research areas. 
 
SUMMARY: FORCEnet is a Navy/Joint effort to implement the concept of network centric warfare. The 





goals. FORCEnet seeks to combine new concepts of operations and a networked system architecture to 
integrate warriors, sensors, networks, command and control, platforms and weapons into a coordinated, 
distributed combat force. The purpose is to improve combat effectiveness by providing better information 
support and enabling bottom-up distributed coordination, especially for Joint or Coalition forces 
interoperating within the global information grid.  
 Composeable FORCEnet (CFn) is a prototype and demonstration of the Space and Naval Warfare 
Systems Command (SPAWAR) systems center vision of this idea. This architecture is composeable 
because its components are selected appropriately for each mission. Ideally, the components should be 
reconfigurable on the fly to adapt as the situation and force composition changes. Numerous projects have 
altered their efforts to align with the CFn demonstration and prototype capabilities. However, there are 
several serious problems with CFn that have not been addressed that could damage the credibility of the 
center’s vision and hinder the ability to further evolve CFn. Some of these have been identified, though no 
work has been done to solve them. Others remain unexplored and unidentified. 
 In FY 2004, researchers investigated the composeable FORCEnet concept and its research areas. A 
review of current research literature was conducted to ensure that CFn is informed by the most recent 
research. Based on knowledge of what research is going on and searching current publications, suggestions 
were provided regarding gaps that could be filled by applied research. The following issues were identified 
as areas that need to be addressed in order to provide information not currently available to commanders 
and make the combat force more effective. A composeable FORCEnet could help address these issues: 
  
• Information overload 
• Flexibility and reconfiguration 
• Sound and consistent information integration 
• Network issues 
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SIMULATION BASED EVALUATION FOR NEXT GENERATION INTELLIGENT SYSTEMS 
Luqi, Professor 
Department of Computer Science 
Sponsor: Defense Advanced Research Projects Agency 
 
OBJECTIVE: To develop the CommandWorld simulation to support the Personalized Agents that Learn 
(PAL) program in the Defense Advanced Research Projects Agency (DARPA)/Information Processing 
Technology Office (IPTO). This simulation will provide technical support towards evaluating enabling 
technologies and methodologies needed to achieve the next generation of intelligent, knowledge-intensive 
systems.  
 
SUMMARY: The purpose of this simulation was to allow data to be collected first without PAL agents 
and then later with successive versions of PAL agents. In order to implement the CommandWorld 





simulation was conducted to support planning and coordination activities within the Cognitive Agent that 
Learns and Organizes (CALO) decision support project.  
 Data collection during the two-day simulation generated 41,611 events captured in SRI, Inc.’s 
Timeline Server. The volume of timeline events collected in this CommandWorld experimentation was 
about three times higher than previous ProjectWorld exercises conducted at SRI and Massachusetts 
Institute of Technology for a comparable number of hours. 
 The scenario scripts used by military officers were sufficient to enable role-players to interact and 
produce work that accurately displayed some different types of changing situations. From what was 
observed so far, high discipline and military chain of command were evident and the content of the 
generated data was very realistic. The dataset should be useful to the CALO learning community with 
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COMPUTATIONAL ANALYSIS OF GESTURE FOR BIOMETRIC IDENTIFICATION 
SYSTEMS 
Craig H. Martell, Assistant Professor 
Department of Computer Science 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Development of a system that uses gesture in the analysis of video footage of speakers for 
computational gesture analysis and generation. In this proposal we will focus on uses for biometric 
analysis; in particular, the goal will be a system that can distinguish a subject from another trained to be his 
“double.” 
  
KEYWORDS: Gesture, Biometrics 
 
 
DESIGN AND VALIDATION OF REAL-TIME BATTLE-MANAGEMENT KERNELS FOR 
BALLISTIC MISSILE DEFENSE 
James Bret Michael, Associate Professor  
Department of Computer Science 
Sponsor: Missile Defense Agency 
 
OBJECTIVE: To support the Missile Defense Agency in identifying and evaluating alternative ways to 
design and validate real-time battle-management kernels for the Ballistic Missile Defense System.  
 
KEYWORDS: Ballistic Missile Defense, Biometric, Battle Management Kernals 
 
 
FORMALIZATION OF THE DEPENDABILITY PROPERTIES OF THE BALLISTIC MISSILE 
DEFENSE SYSTEM 
James Bret Michael, Associate Professor  
Department of Computer Science 
Sponsor: Missile Defense Agency 
 
OBJECTIVE: To specify, model, verify and validate the capabilities, requirements, and dependability 
properties of the Advanced Battle Manager (ABM) component of the Command, Control, Battle 





candidate architectures for the Command, Control, Battle Management, and Communications (C2BMC) 
element of the Ballistic Missile Defense System (BMDS). 
 
SUB-AREA 1: ARCHITECTURAL MODELING FOR DEPENDABILITY AND ADAPTABILITY 
REQUIREMENTS, Associate Professor James Bret Michael, Departments of Computer Science and 
Electrical and Computer Engineering 
 
OBJECTIVE: To architect the automated battle manager so that the architecture will both “outlive” the 
peripheral components (e.g., weapons, C2, sensor systems) that interface with the battle manager and be 
flexible enough to support a wide spectrum of distributed control and fault-tolerance regimes. An additional 
objective is to investigate how to design the system to be verification-ready, that is, so that assurance 
arguments can be readily derived from the system requirements and their refinements in order to create 
dependability cases (similar to safety cases) for review by system certification and accreditation boards. 
 
SUMMARY: Several candidate system architectures for the ABM were investigated, taking into 
consideration that the lifetime of the architecture must be longer than that of the components—it must be 
readily reconfigurable—due to changes in such things as the threat space, technology, and geopolitical 
alignments for defense purposes. Researchers also analyzed these architectures with respect to requirements 
for system dependability: the ABM will be automated and thus must be trustworthy. We also investigated 
real-time liveness and interconnection (i.e., composition) properties of the system-of-systems (i.e., battle 
managers and peripheral components—the components that interface with the battle managers), with the 
aim of institutionalizing the invariant part of the principles of operation of the battle manager and 
specification of contracts at component-interfaces to provide for hooking-up new components (i.e., the 
variants) to the battle manager so that predicates on the behavior of the composed system can be checked. 
 
SUB-AREA 2: MATHEMATICAL MODELING FOR SENSOR AND WEAPONS REQUIREMENTS, 
Professor Phillip E. Pace and Professor Murali Tummala, Department of Electrical and Computer 
Engineering 
 
OBJECTIVE: To further develop an integrated mathematical model of a boost-phase, ballistic-target 
intercept in order to specify the requirements for the forward based radio frequency (Rf) sensors, the space 
based infrared (IR) sensors and the sensor fusion architecture that is used to guide the interceptor. An 
additional objective is to develop a model for the boost phase kill vehicle (launched by the interceptor) in 
order to determine its requirements and the resulting probability of kill. 
 
SUMMARY: Researchers examined the kill-vehicle effectiveness as a function of both the kill vehicle 
maximum-acceleration capability and the guidance system time constant necessary to destroy a target. The 
kill vehicle guidance system was modeled in MATLAB as a fifth-order binomial series with proportional 
navigation. The simulation examined the effect of an accelerating target attributed to powered flight and 
aim-point displacement caused by a shift in tracking point from the target plume to the payload when 
resolution occurs. The kill vehicle minimum requirements as indicated by the simulation included a lateral 
acceleration capability of four times the target acceleration and a guidance system time constant that was 
less than one-tenth the estimated flight time. Requirements and limitations of boost phase ballistic missile 
intercept systems that contain an interceptor and its guidance sensors (both radar and infrared) were 
investigated. A three-dimensional computer model was developed for a multi-stage target with a boost 
phase acceleration profile that depends on total mass, propellant mass and the specific impulse in the 
gravity field. The radar cross-section and infrared radiation of the target structure was estimated as a 
function of the flight profile. The interceptor was a multi-stage missile that used fused target location data 
provided by two ground-based radar sensors and two low-earth orbit infrared sensors. Interceptor 
requirements and limitations were derived as a function of its initial position from the target launch point 
and the launch delay. Sensor requirements were also examined as a function of the signal-to-noise ratio 
during target flight. Electronic attack considerations within the boost phase were also addressed including 
the use of decoys and noise-jamming techniques. Also investigated and compared were four decision-level 
fusion architectures to fuse the results of radar sensors and space-based infrared sensors. An averaging 
technique, a weighted averaging technique, a Kalman-filtering approach and a Bayesian technique were 





results showed that the Bayesian algorithm had the best performance resulting in a root mean squared 
missile position error of less than 20 m. This work resulted in five conference papers being published. 
 
SUB-AREA 3: BEHAVIORAL MODELING FOR BATTLE MANAGEMENT TIMING AND 
SAFETY REQUIREMENTS, Associate Professor Man-Tak Shing and Associate Professor Doron 
Drusinsky, Department of Computer Science 
 
OBJECTIVE: To further develop behavioral, structural, and simulation models of battle management, 
sensor netting, and weapons netting functions in order to analyze the timing constraints and derive system 
requirements for conducting automated battle management throughout the kill chain, and to investigate the 
use of light-weight formal methods to assure the correctness of behavior of developing systems.  
 
SUMMARY: Built upon a previous effort in behavioral modeling of the missile defense battle 
management software and augmented the object-oriented architectural UML-RT models with formal 
specification of timing requirements in terms of a time-series temporal logic. To analyze and validate the 
timing constraints and safety requirements of the developing system, the UML-RT models were translated 
into coarse-grained simulation models that were exercised using the OMNeT++ simulation engine. 
Researchers instrumented the OMNeT++ simulation code with probes that send information to DBRover, a 
time-series temporal logic tool that simulates, builds, executes and monitors temporal assertions about a 
target application, for temporal property verification during prototype execution. Research showed that run-
time monitoring and verification could be applied much earlier in the design process, in tandem with rapid 
prototyping to study the timing requirements of complex systems. The integration of the OMNeT++ 
simulation with the DBRover run-time monitor provides an effective way to check for the validity of the 
requirements and violation of the temporal assertions. Through the Use Case-Model-Simulation feedback 
cycle, researchers were able to identify potential bottlenecks in the architecture design, which led to 
redesign of some of its components. Revised temporal constraints were input to DBRover to generate 
executable timing specifications and new code snippets for re-instrumentation of the simulation code. 
Moreover, re-instrumentation of the simulation code is only needed if the Boolean conditions of the rule 
segments are modified. DBRover provides a special configuration, called the No Snippets Protocol, which 
allows the user to instrument the target code for a set of Boolean conditions in a one-time setup, after which 
changes to the rules on the DBRover side do not affect the client/target side. A classification was 
introduced that separates the formal specification into three distinct classes: (i) test-time assertions for test 
automation, (ii) run-time assertions for fault detection and exception handling, and (iii) simulation-time 
assertions for guiding the development of the executable environment model. It was found that separating 
the formal specification into three distinct classes helps system designers to develop effective prototypes 
for evaluating the system behaviors and constraints. 
 
SUB-AREA 4: TEST AUTOMATION FOR SYSTEMS-OF-SYSTEMS, Associate Professor Mikhail 
Auguston, Department of Computer Science 
 
OBJECTIVE: To develop an approach and supporting tools for automating, to the maximum extent 
possible, testing of the BMDS at component- and system level. 
 
SUMMARY: Researchers developed an approach to test automation of reactive and real-time large-scale 
systems based on precise models of system behavior in terms of event traces and attributed event gram-
mars. The approach provided for automatic generation of test cases and test drivers from environment mod-
els expressed in the form of attributed event grammars. Researchers demonstrated that the formalism could 
be used to model missile defense scenarios, in addition to constraints on system behavior related to 
concurrent and real-time processing within the ABM and the components that plug into the ABM. This 
approach addressed several hard problems in software testing: automated test-case and test-driver 
generation for both component and system-level testing, test execution, and regression testing. A prototype 
of an automated test generator, which supports test-driver generation in both the C and Java programming 
languages, was implemented. An initial investigation was completed on how the approach could be tailored 






SUB-AREA 5: ANALYSIS OF COMMAND STRUCTURES FOR BALLISTIC MISSILE DEFENSE, 
Professor Dan C. Boger and Associate Professor James B. Michael, Department of Information Sciences 
and Department of Computer Science 
 
OBJECTIVE: To develop and assess command structures for use in ballistic missile defense. An 
additional objective is to develop a class of decision processes that support the adaptation of war-fighting 
doctrine, without requiring modification of the underlying architecture of the battle manager. 
 
SUMMARY: Investigated the requirement for command, control, and real-time battle management 
across combatant commands’ areas of responsibility (COCOM AOR). Automated battle management for 
ballistic missile defense is a new kind of warfare, differing in many ways from that of theater and regional 
missile defense. As the functionality and performance of threat missiles have increased, the time budgets 
for making such decisions have decreased. It was found that in contrast to C2 for conventional forces, 
designed for large scale movements of forces, large unit tactics, and campaigns, ballistic missile defense 
involves few movements and requires almost instantaneous decisions to allow threat missiles to be engaged 
on favorable terms. Researchers showed that the command structure for prosecuting a war needs to be 
“flattened” such that there is a centralized C2 command that will have partial operational control for missile 
defense units. The following were also identified: some of the key the decisions that the battle managers are 
responsible for making along with the time-budgets for these decisions; types of information that needs to 
be exchanged between battle managers at the strategic level, tactical level (i.e., AOR) level, and between 
levels; some of the ways in which deliberate will need to support the ABM. Researchers treated everything 
outside of deliberate planning as execution (e.g., react by shooting) because time is not available to 
complete crisis action planning during a missile attack. 
 
SUB-AREA 6: ANALYSIS OF SAFETY REQUIREMENTS FOR THE ABM, Associate Professor 
James Bret Michael and Visiting Professor Michael L. Brown, Departments of Computer Science and 
Electrical & Computer Engineering 
 
OBJECTIVE: To determine how to build safety kernels, along with safety executives, into the ABM and 
the other components comprising the BMDS. An additional objective is to model the dependencies among 
components of the BMDS in order to define safety requirements for the system in a system-of-systems 
acquisition environment. 
 
SUMMARY: Traditional system safety techniques rely on the identification of hazards and hazard causal 
factors, which allow the safety professional to develop design requirements and recommendations that 
either mitigate the causal factors or reduce the impact of the hazards. This requires detailed knowledge of 
the system components and their interactions at all levels, and the operational environment for the system, 
which defines the system context. In the BMDS, that detailed knowledge is lacking in part due to the 
dynamic nature of the BMDS and the integration of legacy weapon and sensor systems, some of which 
were not designed for a C2-type system interface. Normally, system safety reevaluates the safety attributes 
of the individual systems in the new system context; however, reevaluating the safety attributes of the 
individual systems in the BMDS context is impractical, requiring extensive resources and time. Therefore, 
alternative means of risk mitigation are needed. Although not widely used in weapon or C2 systems, 
researchers investigated the feasibility of using safety kernel along with safety executives as an alternative 
to traditional techniques of risk mitigation. Making a safety kernel effective, particularly in a system-of-
systems environment, requires developing the system-of-systems architecture around the concept of a 
safety kernel. However, the safety kernel provides only part of the overall risk reduction. It was determined 
that the full BMDS must use a hybrid architecture that includes wrappers to the interfacing weapon and 
sensor systems to ensure adequate risk mitigation. The wrappers will provide interoperability assurance 
with the interfacing systems, reducing the safety-related risk associated with those interfaces (e.g., data 
integrity); this will reduce the risk associated with one aspect of the interaction between system 
components. The wrappers improve the plug-and-play and open systems architecture features of the 
system. They also relieve the safety kernel of having to incorporate specific risk mitigation features for the 
system interfaces. The safety kernel, coupled with the wrappers, must ensure that the BMK, at a minimum, 
provides the same level of safety assurance across the weapon and sensor system interfaces as previous C2 





as the interfaces to the weapon and sensor systems. The fundamental changes in the operational context of 
both the weapon and the sensor systems requires identification of the new mishaps associated with the 
BMDS and development of safety constraints to mitigate the risk. Integrating these constraints into the 
safety kernel and the wrappers in the form of safety design requirements requires a detailed understanding 
of the interaction of the weapon and sensor systems with their host C2 systems (if applicable) and any 
safety-related assumptions relevant to that interaction. This in turn requires developing domain knowledge 
and related safety constraints for the BMDS that dynamically configure the system for the required risk 
reduction while maintaining an acceptable level of system performance.  
 
SUB-AREA 7: ANALYSIS OF LEGAL REQUIREMENTS FOR CONSEQUENCE MANAGEMENT, 
Adjunct Professor Thomas C. Wingfield, Esq., Department of Information Sciences. 
 
OBJECTIVE: To identify the legal issues implicated by a ballistic missile intercept, and develop a prin-
cipled analysis for addressing these issues.  
 
SUMMARY: Investigated the central legal issue in a ballistic missile intercept: the proper identification of 
the missile and its trajectory. Together, these render a target per se a military objective and a lawful target. 
Conversely, a target which is either not a ballistic missile or on a threatening trajectory is, for the purposes 
of the ABM, a civilian object and not a lawful target. This overlap of legal and operational reasoning 
greatly simplifies the legal analysis of any given event. However, the primary thrust of this research was to 
identify and properly address the larger legal issues, in order to reduce to an absolute minimum the national 
liability of the United States and the personal liability of each decision-maker in the kill chain. Two 
complementary analytical approaches were examined: (i) a priori, surveying the foreseeable issues and 
deriving appropriate rule sets for the BMK and (ii) a fortiori, providing a decision support tool for decision-
makers that can be used to address those aspects which cannot be dealt with generically and in advance. 
Under traditional international law, the jus ad bellum and the jus in bello apply on a dyad-by-dyad basis. 
However, in the war on terror, the U.S. and its allies are at war with the concept of terrorism wherever it 
arises. This is a more complex legal paradigm, allowing greater flexibility at the cost of greater uncertainty. 
In each, liability issues are key: under jus ad bellum, liability may arise for recklessly or negligently 
executed activities vis-à-vis intermediate nations; under jus in bello, liability is greatly limited for actions 
undertaken in the course of lawful belligerency. Beyond these broad principles are the more specific 
treaties governing air and space law. Host nation, or status of forces, agreements define most foreseeable 
aspects of U.S. military presence in another country. These are of central importance in securing the 
presence of appropriate sensors and weapons that must operate from another nation to be effective. Systems 
based in the U.S., or in outer space, international airspace, or on the high seas, are not subject to these 
restrictions. The combination of approaches—identifying and resolving all foreseeable legal issues, and 
providing a fast and reliable process to analyze the remaining issues in real time—should provide the firm-
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INFORMATION ASSURANCE FOR MARITIME DOMAIN AWARENESS 
James Bret Michael, Associate Professor  
Department of Computer Science 
Sponsor: Unfunded 
 
OBJECTIVE: To assist the maritime-domain-awareness community to explore means for protecting the 
confidentiality, integrity and availability of data used to create a common intelligence picture and dissemi-
nated across administrative boundaries in coalition environments. 
 
SUMMARY: Researchers elicited requirements regarding information assurance from members of the 
Maritime Domain Awareness community for information systems to be used to generate and disseminate 
common intelligence pictures across administrative domains (i.e., enclaves) in coalition environments. 
Researchers explored issues related to information brokering, role-based access control, and multilevel 
security. The results of this research contributed toward the creation of a funded Naval Postgraduate School 
Center for Defense Technology and Education for the Military Services (CDTEMS) project, for which 
Professor Herschel Loomis served as the principal investigator.  
 







INFORMATION OPERATIONS: VULNERABILITY AND TECHNICAL- AND RISK 
ASSESSMENTS OF ADVANCED ACTIVE-NETWORK-INTRUSION-DETECTION 
TECHNOLOGIES AND SYSTEMS 
James Bret Michael, Associate Professor  
Department of Computer Science 
Sponsor: Joint Information Operations Center 
 
OBJECTIVE: To support the Joint Information Operations Center (JIOC) by conducting information 
warfare vulnerability, technical and risk assessments for the Active Network Intrusion Detection (ANID) 
Program Advanced Concept Technology Demonstration (ACTID).  
 
KEYWORDS: Active Network, Instrusion Detection, ANID, ACTID 
 
 
INTELLIGENT SOFTWARE DECOY TOOLS FOR CYBER COUNTERINTELLIGENCE AND 
SECURITY COUNTERMEASURES 
James Bret Michael, Associate Professor  
Department of Computer Science 
Sponsor: Department of Homeland Security 
 
SUMMARY: Explored the use of deception, psychological operations and other aspects of information 
operations as a means to conduct cyber counter-intelligence and security countermeasures against 
technically savvy information warriors, with particular emphasis on attackers who are sponsored by nation-
states, terrorist organizations and criminal syndicates. 
 In the first phase of research, funded from 6 August 2002 to 31 December 2002 by the Homeland 
Security Research and Technology portion of the Naval Postgraduate School's Homeland Security 
Leadership Program, research began in the design of intelligent software decoys, including the integrated 
suite of software tools for creating and managing the decoys. The first prototype of intelligent software 
decoys for counterintelligence and countermeasures was completed and tested against a real-world attack 
program that is used to compromise file transfer protocol (FTP) servers. Some of the key results were 
reported in a formal technical report to the sponsor. Two Master’s theses and two papers were submitted to 
the International Federation for Information Processing (IFIP) International Conference on Information 
Security. The next phase of research will focus on completion of a representative set of case studies of 
intrusions and countermeasures. Researchers intend to complete the first draft of the high-level language 
for specifying intrusions and countermeasures, and implement the first complete prototype of the tool that 
will automatically compile these specifications into executable code.  
 
KEYWORDS: Intelligent Software, Cyber Counterintelligence, Psychological Operations 
 
 
SECURE COMMUNICATIONS SERVICES ON THE PUBLIC TELEPHONE NETWORK 
INFRASTRUCTURE 
James Bret Michael, Associate Professor  
Department of Computer Science 
Sponsor: Unfunded 
 
SUMMARY: Researchers invented a means for providing end-to-end voice privacy and access control for 
subscribers at the application layer of the public switched telephone network (PSTN), requiring a slight 
modification to the existing Signaling System 7 (SS7) out-of-band signaling standard. This work was 
conducted in cooperation with Assistant Professor Duminda Wijesekera and Dr. Mohamed Sharif of 




“Voice Privacy and Secure Communications,” filed by George Mason University and the Naval 






KEYWORDS: Public Telephone, Secure Communications, Voice Privacy 
 
 
TEST AND EVALUATION OF THE BALLISTIC MISSILE DEFENSE SYSTEM 
James Bret Michael, Associate Professor  
Department of Computer Science  
Sponsor: Missile Defense Agency 
 
OBJECTIVE: To propose and evaluate candidate architectures for the Command, Control, Battle 
Management, and Communications (C2BMC) component of the global Ballistic Missile Defense System 
(BMDS). 
 
KEYWORDS: BMDS, Ballistic Missile Defense 
 
 
TESTING TECHNIQUES FOR THE ASSESSMENT OF SOFTWARE-SYSTEM 
VULNERABILITIES 
James Bret Michael, Associate Professor  
Department of Computer Science 





TECHNICAL INTERN SHORT COURSE 
William J. Ray, Visiting Associate Professor 
Department of Computer Science 
Sponsor: Naval Supply Information Systems Activity  
 
OBJECTIVE: Naval Supply Systems Command (NAVSUP) requires training on technology for handling 
issues on mission critical tasks. The current acquisition training demands a technology foundation on 
computer architectures, computer security, databases, networking, and software engineering. NAVSUP 
tasks the software engineering curriculum to address the technology basics for their personnel.  
 
KEYWORDS: Computer Security, Computer Architecture 
 
 
DEFENSE FROM CYBER-ATTACK USING DECEPTION 
Neil C. Rowe, Professor 
Department of Computer Science 
Sponsor: National Science Foundation 
 
OBJECTIVE: This research focused on building testable computational models of deception, including 
the major sub-phenomena of trust, expectation, suspicion, surprise, deception plans, and manufactured 
patterns. Such models and an associated theory can be used to explain both offensive deceptions (to gain 
some advantage) and defensive deceptions (to foil someone else's plans). Using this, the research will 
develop deceptive software as a second line of defense for computer systems under attack when access 
controls have been breached. Deception can mislead attackers as to the state of an information system with 
false error messages, deliberate delays in executing commands, lies about task completion, fake displays, 
disinformation about computer resources, and coordinated fake clues. Producing a convincing deception 
requires careful planning because people can often recognize suspicious patterns. So this research will 
develop plans to apply deception sparingly and thoughtfully based on a theory of trust and its psychological 
consequences. This will include ideas such as counter-planning against plans and a general theory of the 
effectiveness of excuses. Other issues to be addressed include the penalty of deceiving non-malicious users 
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Rowe, N.C., “Designing Good Deceptions in Defense of Information Systems,” Computer Security 
Applications Conference, pp. 418-427, Tucson, AZ, December 2004. 
 
Rowe, N.C., “A Model of Deception During Cyber-Attacks on Computer Systems,” Symposium on Multi-
Agent Security and Survivability, Philadelphia, PA, August 2004. 
 
Rowe, N.C., Auguston, M., Drusinsky, D., and Michael, J.B., “Research on Deception in Defense of 
Information Systems,” Command and Control Research and Technology Symposium, San Diego, CA, June 
2004. 
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A PROTOCOL FOR SIMULTANEOUS SESSION MANAGEMENT AND PROTECTION IN A 
MULTILEVEL ENVIRONMENT 
LT Joseph D. Sears, USN 
Department of Computer Science 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Performed analysis and development of a communications protocol between a multilevel 
server (MLS) and a set of high assurance network appliances to support protected reach back to single level 
networks and simultaneous session management. This contributed to a trusted distributed operating 
environment for enforcing MLS policies, which supports unmodified commercial, off-the-shelf (COTS) 
productivity software. The protocol permitted the delivery of applications and data from legacy single level 
networks (e.g., NIPRNET, SIPRNET, JWICS) to a MLS enabled enclave.  
 
KEYWORDS: Simultaneous Session Management, Multilevel Environment 
 
 
DISTANCE-LEARNING THESIS SUPPORT FOR AUTOMATED POLICY SPECIFICATION 
RESEARCH (YEAR 3) 
Man-Tak Shing, Associate Professor 
Department of Computer Science 
Sponsor: Space and Naval Warfare Systems Center - San Diego 
 
OBJECTIVE: To provide distance learning thesis support for research to automate the process of 
administering and distributing policy effectively and efficiently in a bandwidth-constrained environment. 
The thesis research investigated techniques to facilitate the exchange of data and information between 
applications sharing a common information model over low bandwidth communications, automated policy 
specification interfaces to integrate commercial and developmental products into a common policy 







SUMMARY: In FY04, researchers continued investigating recent advances in web technologies to 
automate the existing naval message architecture and to improve the knowledge management process. 
Researchers studied the use of Resource Description Framework (RDF) and XML technologies to automate 
the existing naval message architecture while improving the knowledge management process. Researchers 
found that, in comparison with a native textual USMTF format, there is a significant communication 
overhead with message conversion to a XML structured document, which can cost as much as 100 percent 
efficiency with messages containing a small amount of data. Therefore, prior to converting all transport 
data to an XML format, additional research is required to determine available bandwidth, document size 




McCarty, G.E., Jr., “Integrating XML and RDF Concepts to Achieve Automation Within a Tactical 
Knowledge Management Environment,” Master’s Thesis, Naval Postgraduate School, March 2004.  
 




Gurminder Singh, Professor 
Department of Computer Science 
Sponsor: Naval Postgraduate School 
 
SUMMARY: This project explored architectural approaches and developed protocols for device-aware 
networks. A device-aware network matches the capability of the end-devices to the information delivered, 
thereby optimizing the network resource usage. Some of the key issues explored include system 
architecture of device-aware communications, characteristics of common networked devices used in 
battlespace communications, device registration protocols, device-aware networking protocols and 
maintenance and distribution of device information.  
 
KEYWORDS: Device Aware Networks 
 
 
WIRELESS AND MOBILE COMPUTING 
Gurminder Singh, Professor 
Department of Computer Science 
Sponsor: Naval Postgraduate School  
 
OBJECTIVE: To seek funding to initiate research in wireless technologies and applications.  
 
KEYWORDS: Wireless Technologies, Mobile Computing 
 
 
DESIGN AND IMPLEMENTATION OF LIGHTWEIGHT ROUTER PROCESSING MODULES 
Su Wen, Assistant Professor 
Department of Computer Science  
Sponsor: Naval Postgraduate School 
 
SUMMARY: This project continued to evaluate the new approach to extending router capability through 
the design and implementation of a dynamically deployable router service, Lightweight Processing 
Modules (LWPM). These end system-controlled network functions can improve packet processing 
performance. Their application in multicast and network security was investigated. 
 







EVALUATING THE EFFECTIVENESS OF 3COM INTELLIGENT NETWORK-INTERFACE 
CARDS FOR PROTECTION AGAINST DISTRIBUTED DENIAL-OF-SERVICE ATTACKS 
Su Wen, Assistant Professor 
Department of Computer Science 
Sponsor: National Security Agency 
 
SUMMARY: Recent advances in networking hardware provide new tools to counter distributed denial-of-
service (DDOS) attacks in a more timely and efficient fashion. For example, the embedded firewall system 
implemented in the 3COM 3CR990 intelligent network-interface card (3COM NIC) can block network 
attacks at the hardware level without modifying the host software.  
 Researchers investigated the 3COM NIC security and firewall functions, and planned to evaluate the 
potential of providing network security utilizing a similar hardware, the Intel IXP2400 network processor. 
Researchers compared and contrasted the Intel and 3COM's capabilities and designs in order to make 
recommendations as to how to construct an effective hardware-based DDOS protection system. Ultimately, 
researchers plan to propose a proactive system that can detect, trace and mitigate DDOS attacks by 
combining the latest hardware and software components to protect the network and locate the source of the 
attacks.  
 
KEYWORDS: DDOS, 3COM NIC 
 
 
 BGP STRESS TESTING AND ANOMALY DETECTION 
Geoffrey Xie, Assistant Professor 
Department of Computer Science 
Sponsor: National Security Agency 
 
OBJECTIVE: To develop an automated testing tool for detecting potential security vulnerabilities in the 
BGP software of commercial routers and to develop a methodology for predicting catastrophic BGP 
routing stabilities triggered by worms. 
 
SUMMARY: Progress was made in the following areas: 1) Performed a correlation analysis between the 
routing instabilities triggered by two worms and the observed user performance during those periods. The 
results show that the current method of predicting catastrophic BGP routing instabilities may produce high 
false positives; 2) Built a BGP test case generator by extending the PROTOS approach to explicitly 




Khawaja, O. and Xie, G., “A PROTOS Approach to BGP Stress Testing,” Carnegie Mellon University 
Technical Report, July 2004. 
 
Xie, G. and Nguyen, L., “Fallacy of Predicting Global Routing Instabilities with Simple BGP Route Update 
Traffic Indicators,” Naval Postgraduate School Technical Report, May 2004, (submitted). 
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A NETWORK PROTOCOL FOR UNDERWATER ACOUSTIC NETWORKS 
Geoffrey Xie, Associate Professor 
Department of Computer Science 
Sponsor: National Science Foundation  
 
OBJECTIVE: To develop a network layer protocol to mitigate the adverse effects of extremely limited 






SUMMARY: Progress was made in the following areas: 1) Demonstrated that it is feasible to establish 
full-duplex underwater acoustic data links using simple CDMA algorithms. An actual test bed was built 
and tested in a lake environment; 2) demonstrated that a Dynamic Allocation Multiple Access (DAMA) 
scheme can be used to improve the performance of a underwater acoustic network that uses a priori channel 
allocation to establish full-duplex data links. A computer simulation program was written for this study; 3) 
started developing an analytical model for quantitatively comparing the performance of collision avoidance  
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Xie, G., Gibson, J., and Bektas, K., “Evaluating the Feasibility of Establishing Full-Duplex Underwater 
Acoustic Channels,” Proceedings of the Third Annual Mediterranean Ad Hoc Networking Workshop, 




Gibson, J., Xie, G., and Kaminski, A., “Demand Assigned Channel Allocation Applied to Full Duplex 
Underwater Acoustic Networking,” Eleventh Pacific Congress on Marine Science and Technology 
(PACON 2004 Conference), Honolulu, HI, May 2004.  
 
KEYWORDS: Underwater Acoustic Networks, Code Division Multiple Access, CDMA, Dynamic 
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A SIMULATION OF SCENARIOS INVOLVING TELECOM AND INTERNET ASSETS IN SAN 
LUIS RAY 
Geoffrey Xie, Associate Professor 
Department of Computer Science 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To develop a scalable Web service based networking infrastructure that supports 
composable distributed simulation.  
 
SUMMARY: Progress was made in the following areas: 1) Created a straw design of the networking 
infrastructure; 2) Started implementation effort.  
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The Department of Defense Analysis is an interdisciplinary program, drawing on a wide range of academic 
specialties. The program provides a focused course of instruction on the dynamics of asymmetric warfare, 
sub-state conflict, terrorism, information operations, and other “high leverage” operations in U.S. defense 
and foreign policy. The core program also provides every student with a strong background in strategic 
















 Special Operations 
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The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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ASSESSING THE COMPUTER NETWORK OPERATIONS (CNO) THREAT OF FOREIGN 
COUNTRY 
Dorothy E. Denning, Professor 
Department of Defense Analysis 
Sponsor: National Security Agency 
 
OBJECTIVE: This research will assess foreign countries’ CNO capabilities using open sources, including 
those available through the Internet. It will develop a methodology for doing this and apply it to Iran and 
North Korea. 
 
SUMMARY: Assessed foreign countries' computer network operations (CNO) capabilities using open 
sources, including those available through the Internet. A methodology for doing this was developed and 
applied to Iran and North Korea. 
 
KEYWORDS: Iran, North Korea, Computer Network Operations 
 
 
CONFLICT, TERRORISM AND CYBERSPACE 
Dorothy E. Denning, Professor 
Department of Defense Analysis 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To identify more effective ways in which the U.S. government can use cyberspace 
information operations to counter terrorism and other threats.  
 
KEYWORDS: Cyberspace Information Operations, Terrorism 
 
 
THE DYNAMICS OF INSURGENCY 
Frank R. Giordano, Professor 
Department of Defense Analysis 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To examine the analytical foundations of insurgent lifecycles.  
 
KEYWORDS: Insurgency Dynamics 
 
 
INTELLIGENCE PREPARATION OF THE BATTLEFIELD FOR SELECTED SPECIAL 
OPERATIONS 
Gordon H. McCormick, Professor 
Department of Defense Analysis 
Sponsor: SAF/FMBMB 
 
OBJECTIVE: To develop a model and associated methodology of man hunting.  
 
KEYWORDS: Special Operations, Man Hunting 
 
 
OPERATION AND INTELLIGENCE FUSION IN SUPPORT OF PARAMILITARY OPERATION 
Gordon H. McCormick, Professor 
Department of Defense Analysis 
Sponsor: Office of the Assistant Secretary of Defense 
 
OBJECTIVE: Provide information from cases studied for use in determining the Department of Defense’s 






KEYWORDS: 9/11, Paramilitary Operations 
 
 
THE STRATEGIC UTILITY OF SPECIAL OPERATIONS FORCES-LESSONS FROM 
AFGHANISTAN 
Hy S. Rothstein, Senior Lecturer 
Department of Defense Analysis 
Sponsor: Office of the Assistant Secretary of Defense 
 
OBJECTIVE: To examine the instructional and organizational realities that impacted the planning and 
execution of the war in Afghanistan. 
 
 
DESIGNING THE COALITION PROVISIONAL AUTHORITY (CPA) COUNTERINSURGENCY 
INTELLIGENCE ORGANIZATION 
Kalev I. Sepp, Assistant Professor 
Department of Defense Analysis 
Sponsor: U.S. Central Command 
 
OBJECTIVE: To prepare a report delineating recommendations of methods to improve U.S., coalition and 
Iraqi intelligence organization and intelligence gathering in Iraq. This report specifically addressed possible 
options for fusion of U.S. military and government agency intelligence operations and analysis. It also 
considered how the existing and recommended intelligence structures should evolve as the Coalition 
Provisional Authority (CPA) transforms and the Iraq transitional National Assembly assumes sovereignty 
in June 2004. 
 
 
EVOLUTION OF U.S. JOINT MILITARY STRATEGY IN THE CENTRAL AMERICAN 
CAMPAIGN 1979-1991 
Kalev I. Sepp, Assistant Professor 
Department of Defense Analysis 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To examine the evolution of U.S. joint military strategy in Central America during the 
twelve-year period from 1979-1991.  
 
SUMMARY: This campaign was an operational and strategic success that bears viable lessons for 
application in other theaters, faced with similar challenges and constraints, now and in the future. The 
research also supported the development and enhancement of courses in the general areas of strategy 




CASE STUDIES FOR THE FUTURE 
David C. Tucker, Associate Professor 
Hy S. Rothstein, Senior Lecturer 
Department of Defense Analysis 
Sponsor: Joint Special Operations Command  
 
OBJECTIVE: To assist in the development of operational concepts for special operations forces that can 








SOFTWARE TO SUPPORT ONLINE LEARNING: VIRTUAL CHARACTERS FOR SCENARIO-
BASED SIMULATIONS 
David C. Tucker, Associate Professor 
Department of Defense Analysis 
Sponsor: U.S. Department of Justice 
 
SUMMARY: Online education is critical to the success of any educational program in homeland security, 
since the key audience for this education is employed full-time and can only undertake education if a 
significant portion of it is done online. Experience shows, however, that keeping students engaged with 
online education is difficult and a serious obstacle to the success of these programs. 
 The purpose of this research was two-fold. First, a virtual character for students to interact with during 
a homeland security (HLS) online course was produced. The purpose of using the character was to make 
time online interesting enough so that students will be motivated to do the coursework and challenging enough 
so that it will increase their mastery of the subject matter. Second, a report was produced that compares the 
students' online experience during this HLS course with other comparable online courses that do not use a virtual 
character to see if the virtual character helped motivate students to do their online work and master the course 
material. Assessment data included student evaluations and data gathered by the software that runs the 
virtual character and the online environment. The report also included suggestions for improving the online 
virtual character and its use in the students' educational experience, as well as suggestions for additional uses 
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The Information Sciences (IS) Department is an interdisciplinary association of faculty interested in 






 Information Systems Technology 
 Information Systems and Operations 
 Joint Command, Control, Communications, Computers and Intelligence Systems 
 Information Systems Technology 
 Information Warfare 





 Master of Science in Information Systems and Operations 
 Master of Science in Information Technology Management 
 Master of Science in Systems Engineering 





 Software Metrics and Maintenance 
 IT Architectures 
 Computer Networks 
 Decision Support Systems 
 Knowledge Management 
 Information Warfare 
 Information Superiority 
 Information Operations 
 Command and Control 
 Modeling and Analysis of Military Systems 
 Combat Identification 
 Human Systems Interface 





Systems Technology Laboratories (STL): The Naval Postgraduate School Systems Technology 
Laboratories provide centrally managed, supported, and funded facilities where students and faculty can 
conduct research and instruction using tomorrow’s C4I systems technologies today. The facilities provide 
for classified and unclassified capabilities for students and faculty to use for immediate classroom 
reinforcement, student projects, and theses and for faculty and students to conduct leading edge research in 
their fields. The labs, through advanced telecommunications and networking, allow local platforms of 
various types to communicate at very high data rates with each other over the Naval Postgraduate School 
backbone and with other national laboratories and research facilities worldwide using Internet, SIPRNET, 
and ATM networks, such as the Defense Advanced Research Projects Agency (DARPA) Leading Edge 
Services ATM network, the California Research and Education Net (CALREN), Defense Research and 

















infrastructure. Using these capabilities, researchers can collaborate with leading researchers and can 
participate in systems technology research efforts of national prominence. 
 The Naval Postgraduate School Systems Technology Laboratories contain (or have distributed access 
to) actual command and control systems for exercises and experiments. The prime example of this is a fully 
functional CINC version of the Global Command and Control Systems (GCCS) with SECRET 
interconnectivity to all CINCs and supporting sites. GCCS permits CINCs to complete crisis action plans 
including assessment, evaluation, and development of options, as well as selection, dissemination and 
monitoring of execution. The STL routinely conducts experiments with humans in the loop. Operational 
teams of officer-students can be trained/tested-using wargames as stimuli and using data collection 
techniques to evaluate performance under varied, but controlled, conditions. Insights into requirements for 
new doctrine, training and other aspects of the joint environment may be identified that will speed the 
acceptance of new approaches to decision-making and training. 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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INTEGRATION OF RESULTS AND PREPARATION FOR BATTLESPACE 
COMMUNICATIONS ARCHITECTURE 
Dan C. Boger, Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
 
INTELLIGENCE VISUALIZATION AND ACTIVITY DATABASE SOFTWARE 
Dan C. Boger, Professor 
Department of Information Sciences 
Sponsor: Orincon Defense 
 
SUMMARY: The Naval Postgraduate School (NPS) and Orincon Defense worked together to demonstrate 
the capabilities and advantages of the intelligence and visualization and activity database software. Orincon 
provided the TIBCO business-factor software-application package for NPS evaluation and for use 
evaluation of visualization and activity monitoring recommended by the Navy and/or joint personnel. They 
also provided concept definition and prototyping of a tailored, pc-based visualization and activity monitor 
tool for Naval and joint intelligence centers. The partners will co-develop a pacific-tailored demonstrator 
which can be used for fleet  
 
 
EMERGENCY AND SURVEILLANCE NETWORK CENTRIC HABITATS FOR HOMELAND 
DEFENSE 
Alexander Bordetsky, Associate Professor 
Department of Information Sciences 
Sponsor: Department of Homeland Security 
 
SUMMARY: The project addressed critical homeland security (HLS) studies on how to integrate, deploy, 
and monitor collaborative networks designed for maintaining emergency site situational awareness and 
ubiquitous surveillance. The project also addressed the challenges of civil-military situational awareness 
and interagemcy data fusion. This recognized and required cooperation between agencies in the context of 
deploying a human-intelligent, agent-sensors habitat and a collaborative network capable of organizing 
surveillance, civil-military logistics, and tactical level requirements between agencies monitoring the 
emergency site events. 
 The approach was based on the capabilities of the emerging global information grid, the Defense 
Advanced Research Projects Agency (DARPA) concept of network centric habitats, collaborative 
technology tools recently adopted by the HLS office and complex humanitarian emergency (CHE) 
experimentation teams, and recently released DARPA control of agent-based systems (CoABS) multiagent 
middleware. Also taken into consideration were recent Naval Postgraduate School (NPS) experiences with 
reconnaissance and surveillance and wireless peer-to peer (P2P) collaboration during limited objective 
experiments (LOE). 
 The main results included a unique test bed environment and training scenarios that would allow 
military and civilian units to gain knowledge on how to 
 
• Establish the emergency site mobile network. 
• Set up the biometric sensors and facial recognition surveillance environment. 
• Set up collaboration across the ubiquitous surveillance network. 
• Enable peer-to-peer collaboration, collaborative data mining and information fusion environments 
in a civil-military setting. 
• Enable situational awareness and data sharing capabilities for the emergency site logistics, medical 
support, and weapons of mass destruction (WMD) contamination effects monitoring. 
• Provide ad hoc communication with legacy systems and HLS agencies via agent wrappers, 






 The designed testbed environment was available to the study teams in the form of online training, on-
site laboratories, and limited objective HLS experiments. It was also available to interdisciplinary teams of 
NPS faculty and students (Information Systems, Computer Science, National Security Agency, Operational 
Research, etc.) and their non-NPS partners.  
 
 
FEEDBACK MECHANISMS FOR AGENT-BASED QUALITY-OF-SERVICE ADAPTIVE 
MANAGEMENT OF NETWORKING RESOURCES 
Alexander Bordetsky, Associate Professor 
Department of Information Sciences 
Sponsor: SBC Communications, Inc. 
 
 
GLOBAL INFORMATION GRID TESTBED AND FORCENET ENGAGEMENT PACKS FOR 
TACTICAL SELF-ORGANIZING HUMAN-SENSOR 
Alexander Bordetsky, Associate Professor  
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
 
MANAGING COMMUNICATION COMPLEXITY FOR PLATFORM HOPPING DISTRIBUTED 
SENSOR-UV GRID (PHD GRID) 
Alexander Bordetsky, Associate Professor  
Department of Information Sciences 
Sponsor: Office of Force Transformation  
 
OBJECTIVE: Explore integration and operation of sensor, unmanned vehicle, human-in-the-loop, long-
haul wireless network capable of hopping across communication platforms that looks increasingly complex 
to the user. 
 
SUMMARY: Explored and identified communications platform coordination rules for self-forming and 
self-healing activities hidden behind network chaotic behavior. 
 
 
NAVAL POSTGRADUATE SCHOOL TESTBEDS FOR COLLABORATION AND KNOWLEDGE 
MANAGEMENT (CKM) COLLABORATION PRODUCTS 
Alexander Bordetsky, Associate Professor 
Department of Information Sciences 
Sponsor: Office of Naval Research 
 
OBJECTIVE:  Demonstrate the benefit of CKM collaboration products, derived from each project's 
empirical research, within the context of operational mission scenarios. The communication infrastructure 
of proposed distributed testbed should allow the CKM team to explore the collaborative aspects of 
operation. 
 
SUMMARY: Jointly with the Massachusetts Institute of Technology and Naval Air Systems Command, 
developed a distributed testbed environment for proof-of-concept experimentation with Collaboration and 






UV AND NETWORK EXPERIMENTATION 
Alexander Bordetsky, Associate Professor  
Wolfgang Baer, Research Associate Professor 
Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
 
UNDERSEA WARFARE TACTICAL DATA INTERCHANGE USING EXTENSIBLE MARKUP 
LANGUAGE (USW-XML) 
Donald P. Brutzman, Associate Professor 
Department of Information Sciences 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Better approaches are needed for communications and data interchange among diverse 
stovepiped tactical systems, not just with each other but also with complementary modeling and simulation 
(M&S) systems. The Naval Postgraduate School (NPS) has extensive experience in the construction and 
integration of extensible markup language (XML) for a variety of technical and tactical applications. In 
order to support common undersea picture (CUP) efforts to establish coherent battlespace visualization 
capabilities for network-centric undersea warfare, NPS established, moderated and provided technical 
support for a USA-XML Working Group. This effort occurred as a collaboration with the Space and Naval 
Warfare Systems Command (SPAWAR), Naval Undersea Warfare Center (NUWC), Naval Air Systems 
Command (NAVAIR) and other partnered participants and sponsors.  
 
 
XML TACTICAL (XTC) IN A BATTLESPACE COMMUNICATIONS TECHNICAL 
ARCHITECTURE 
Donald P. Brutzman, Associate Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School  
 
 
ANALYSIS OF NAVY MOBILE USER OBJECTIVE SYSTEM NETWORKING 
REQUIREMENTS 
Rex A. Buddenberg, Senior Lecturer 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Evaluated and tested for Internet workability of MUOS segment within IT-21. Evaluated 
intra-network protocols for suitability to Navy use. Supported thesis research.  
 
KEYWORDS: MUOS, IT-21, Networking, XML, XTC, Battlespace Communications 
 
 
DEVELOPMENT OF HF RADIO-WAN 
Rex A. Buddenberg, Senior Lecturer 
Department of Information Sciences 
Sponsor: Office of Naval Research 
 
SUMMARY: Developed extended line of sight Rf communications system for maritime purposes. The Rf 
aspects of this project were the primary areas for Mr. Bob Rogers, Applied Research Laboratory, 
University of Texas (ARL:UT). Naval Postgraduate School issues were data framing, media access control 
and interoperability with other IP networks. 
 





INTEGRATED BROADCAST SYSTEM RESEARCH AND ACADEMIC SUPPORT 
Rex A. Buddenberg, Senior Lecturer 
Department of Information Sciences 
Sponsor: National Reconnaissance Office 
 
SUMMARY: Reviewed requirements for integrated broadcast system (IBS) and researched system 
improvements that would increase utility and interoperability. Supported thesis research.  
 
 
LEGACY INTEGRATION OF TRANSFORMATIONAL COMMUNICATIONAL SYSTEM 
RESEARCH 
Rex A. Buddenberg, Senior Lecturer 
Department of Information Sciences 
Sponsor: National Reconnaissance Office 
 
SUMMARY: Researched legacy integration aspects of Transformational Communicational System (TCS) 
and recommended maintenance items for legacy applications to make them “TCS-ready.” Supported thesis 
research.  
 
KEYWORDS: Transformational Communicational System, TCS 
 
 
RADIO WIDE-AREA-NETWORK INVESTIGATION OF ADAPTING IEEE 802.16 NETWORKS 
FOR MILITARY  
Rex A. Buddenberg, Senior Lecturer  
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
SUMMARY: The IEEE 802.16 standards committee is working on wireless metropolitan area network 
standards. The companies involved in the work have assembled an industry association known as WIMAX. 
The purpose of this research project was to investigate the adaptations necessary to make 802.16-compliant 
equipment suitable to the military.  
 
KEYWORDS: WIMAX, Wireless Metropolitan Network, Radio, IEEE 802.16 
 
 
SIGNALS INTELLIGENCE (SIGINT) SOFTWARE ARCHITECTURE STUDY 
Rex A. Buddenberg, Senior Lecturer 
Department of Information Sciences 
Sponsor: National Security Agency 
 
OBJECTIVE: To evaluate existing signals intelligence (SIGINT) software and analyze portability issues. 
To support thesis research.  
 
KEYWORDS: SIGINT, Signals Intelligence 
 
 
INFORMATION OPERATIONS CHAIR SUPPORT 
        Raymond Buettner, Assistant Professor
Department of Information Sciences 
Sponsor: Joint Information Operations Center 
 
OBJECTIVE: To conduct research and analysis required to develop doctrine, tactics, techniques, 
procedures and joint operational concepts.  
 





RE-CONFIGURABLE INTRUDER DETECTION AND DECEPTION LABORATORY 
RESEARCH (RIDDLR) 
        Raymond Buettner, Assistant Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Developed processes and technologies for computer network defense that emphasize 
deception and the covert manipulation of the attacker.  
 
KEYWORDS: Computer Network Defense, Covert, RIDDLR 
 
 
NAVAL SIMULATION SYSTEM (NSS) 
Alexander J. Callahan, Research Assistant Professor 
Department of Information Sciences 
Curtis L. Blais, Research Associate 
MOVES Institute (Modeling, Virtual Environments and Simulation)  
Sponsor: Navy Modeling and Simulation Office 
 
SUMMARY: Naval Simulation System (NSS) development was started by Commander, U.S. Pacific 
Fleet (CINCPACFLT) initiative to meet specific Fleet planning and analysis requirements. NSS is now 
a mature analytical system that is capable of conducting analysis for engagement through the mission 
level planning. 
 NSS uniquely meets shore commanders' requirement to develop and analyze trade-offs for 
Operational and Contingency Plans at the Force/Group level, across multiple mission areas simultaneously, 
including C41, MW, ASUW, USW (ASW, MIW/MCM), Strike, OOTW, AMW and TMD. 
 The Evolving Operational Modeling Group (EOM) of the Naval Postgraduate School (NPS) Modeling 
Virtual Environments and Simulation (MOVES) Institute is providing substantial support to the 
Multi-mission Maritime Aircraft (MMA) Program and to the Commander Pacific Fleet N64. EOM 
maintains a development suite for NSS and is a member of the configuration control board. 
 Discussion: NSS maintenance and future development needs to be placed where it can be effectively 
managed and remain viable to the user community. It requires continued development and a great deal of 
operational testing. In some cases, for the IV1MA and CINCPACFLT efforts, significant and or substantial 
change will need to be implemented in the model. EOM is uniquely positioned to provide the technical oversight 
and direction to those changes as well as to support the growing user base. Contracts management, task 
coordination and management, configuration control, database management, training, model distribution, 
documentation management, testing, and licensing management are all pervasive functions that must be 
performed. There are several parties that are committed to NSS, at least in the near term, who would like to 
participate in the direction and oversight of the management of NSS. 
 Task: transition NSS management to the MOVES Institute. The director of this management team 
would have direct responsibility to Chief of Naval Operations (CNO), Special Assistant for Modeling 
and Simulation (N61M), to manage NSS under his direction and the advice of an oversight board.  
 
KEYWORDS: Naval Simulation System, NSS 
 
 
TASK ONE: NAVY EFFECTS-BASED CAPABILITIES ANALYSIS 
Alexander J. Callahan, Research Assistant Professor 
Department of Information Sciences 
Sponsor: The Boeing Company 
 
SUMMARY: The Naval Postgraduate School (NPS) and Boeing conducted a number of cooperative 
studies and analyses of mutual benefit. Cooperative research involved areas of advanced military 
warfighting architectures, systems and platforms using commercial and government modeling, simulation, 
and analysis tools appropriate to the needs of each particular task. The first two collaborative initiatives 





TACTICAL USE OF COMPUTER NETWORK ATTACK IN THE MARINE CORPS 
Capt. David E. Cooper, USMC 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Investigated the feasibility of utilizing computer network attacks (CNA) at the tactical level 
with respect to the authorization process, short time constraints, and specific war fighting skill sets of a 
Marine expeditionary unit, special-operations capable (MEU[SOC]), Marine Air Ground Task Force 
(MAGTF), or joint task force.  
 
KEYWORDS: Computer Network Attacks, CNA, MEU(SOC) 
 
 
INFORMATION TECHNOLOGY RESEARCH SYNTHETIC ENVIRONMENT FOR 
CONTINUOUS EXPERIMENTATION 
Daniel Dolk, Professor 
Department of Information Sciences 
Sponsor: Purdue University 
 
SUMMARY: In support of the development of a synthetic environment for modeling the impact of bio-
terror weapons, this project addressed a number of relevant issues in the area of model management and 
decision support.  
 
KEYWORDS: Bioterror, Synthetic Environments 
 
 
U.S. ARMY ACCESSION COMMAND COMPUTATIONAL EXPERIMENTATION AND 
STRATEGIC SIMULATION (ACCESS) 
Daniel Dolk, Professor 
Department of Information Sciences 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: This was the first phase of the Accession Command Computational Experimentation and 
Strategic Simulation (ACCESS) project for implementing a strategic business simulation at the United 
States Army Accessions Command (USAAC) by extending the existing the U.S. Army Recruiting 
Command (USAREC) strategic simulation leadership exercise for recruiting to encompass the business 
processes of training and retention as well. ACCESS was used primarily as an analytical modeling tool 
which, in turn, requires a strong element of model validation. In this phase of the project, the game SSLE 
was enhanced by adding soldier agents to the simulation to interact with the existing recruit agents. Further, 
the recruiting process was refined by incorporating results from the end-to-end accession research project, 
so that the simulation can cover from first handshake to first unit assignment.  
 
KEYWORDS: ACCESS, Business Simulation, USAREC, Recruiting 
 
 
U.S. ARMY ACCESSION END-TO-END PROCESS-FLOW MODEL 
Daniel Dolk, Professor  
Department of Information Sciences 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: Developed process models to examine the interaction between recruiting, retention, training 
and personnel assignment policies with the “objective force soldier” design and the future implications of 
that design. Developed a conceptual end-to-end accession process flow model for each of the following 
four cases: enlisted active, officer active, enlisted reserve and officer reserve. Each model included a 
detailed, complete process flow from first handshake through assignment to the first unit. For the enlisted-





critical bottlenecks in the end-to-end accession flow and the evaluation of tradeoffs between various 
recruiting, DEP management, IMT, and other accession policies. The simulation solver was determined 
once the process-flow model was generated.  
 
KEYWORDS: Recruiting, Process Model 
 
 
U.S. ARMY ACCESSION END-TO-END PROCESS-FLOW MODEL - PHASE 2 
Daniel Dolk, Professor 
Department of Information Sciences 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: This project was a continuation of the end-to-end accession project initiated in September 
2003. This phase used the active officer process model developed in the previous phase and developed a 
simulation with associated data that allowed investigation of critical bottlenecks in the end-to-end accession 
flow and the evaluation of tradeoffs between various recruiting, DEP management, IMT and other 
accession policies. The simulation solver will be determined once the process-flow model has been 
generated and may likely be a discrete event simulation and/or a network flow software system.  
 
KEYWORDS: Recruiting, Process Model 
 
 
U.S. ARMY RECRUITING STRATEGIC SIMULATION 
Daniel Dolk, Professor 
Department of Information Sciences 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: This is the fourth phase of the Recruiting Strategic Vision Program (RSVP) project for 
implementing strategic business war-gaming at the U.S. Army Recruiting Command (USAREC). The 
objective of this phase was to refine and enhance the existing strategic simulation leadership exercise 
(SSLE) so that it can be used by USAREC brigades and battalions as a field decision making tool to test the 
virtual effectiveness of various recruiting policies. The simulation system can support synchronous, 
multiplayer war games, two of which were played in FY2004. The game will be enhanced by adding 
recruiter agents to the system.  
 
KEYWORDS: USAREC, Recruiting, Wargaming, Simulation, RSVP 
 
 
U.S. ARMY ACCESSIONS COMMAND (USAAC) / U.S. ARMY RECRUITING COMMAND 
(USAREC) STRATEGIC SIMULATION LEADERSHIP EXERCISE: PARALLEL WORLDS FOR 
ARMY RECRUITING 
Daniel Dolk, Professor 
Department of Information Sciences 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: This was the third phase of the Recruiting Strategic Vision Program RSVP project for 
implementing strategic business war-gaming at U.S. Army Recruiting Command (USAREC). The 
objective of this phase was to refine and enhance the existing Strategic Simulation Leadership Exercise 
(SSLE) so that it can be used by USAREC as an operational decision making tool to test the virtual 
effectiveness of various recruiting policies. The simulation system was able to support synchronous, 
multiplayer war games, two of which were played in FY2003 at sites and times to be determined. An 
operations decision support system with the same interface as the SSLE simulation, but connected to the 
USAREC data warehouse, was made operational as part of this project.  
 





A WEB ENVIRONMENT AND DATABASE SYSTEM FOR DELAYED-ENTRY-PROGRAM 
(DEP) PERFORMANCE MEASUREMENT AND EVALUATION 
Daniel Dolk, Professor 
Department of Information Sciences 
Sponsor: Naval Recruiting Command 
 
OBJECTIVE: To identify Delayed Entry Program (DEP) activity performance metrics and design a data 
mart and related web portal environment to collect and display these metrics. This initial stage will develop 
a DEP tracking management system (DEP_track) based upon a data mart. Dep_track will be a “proof of 
concept” stand-alone system developed on a database server compatible with Navy standards. The overall 
objective is to identify metrics which can be used to track a recruit's activities within the DEP once a 
contract has been signed. An important subgoal of this task is to be able to identify those recruits in the 
DEP who may be at risk of attrition, and send ticklers to the recruiters to contact those individuals. A 
critical element of this system is that the data collection be unobtrusive in the sense that DEP individuals 
themselves will be the ones who provide the input to the database via a web environment dedicated to the 
DEP community. This will not add to the burden of the recruiters, which would compromise the success of 
the DEP track system.  
 
KEYWORDS: DEP, Delayed Entry Program 
 
 
AUTOMATED LINGUISTIC TRANSLATION RESEARCH CENTER 
James F. Ehlert, National Security Agency Cryptologic Chair Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
 
CONCEPT OF OPERATIONS (CONOPS)/TACTICS/TECHNIQUES/PROCEDURES (TTPS) FOR 
FOREIGN LANGUAGE/SPEECH TRANSLATION TECHNOLOGIES IN A COALITION 
MILITARY  
James F. Ehlert, National Security Agency Cryptologic Chair Professor 
Department of Information Sciences 
Sponsor: U.S. Marine Forces Pacific 
 
SUMMARY: This research focused on foreign language and speech translation machine technologies. The 
Advanced Concept Technology Demonstration (ACTD), titled “Language and Speech Exploitation 
Resources” (LASER), currently in its fourth year, has identified multiple commercial technologies 
available in this subject area. This research utilized the last ACTD process to study how various foreign-
language machine-translation technologies can be used in a Department of Defense environment. It focused 
on the creation of concepts operations (CONOPS) and tactics, techniques, and procedures for the 
employment of these technology devices in military exercises and operations. The sponsor of this research 
and the thesis prepared by LCDR Susan Marshall, is the U.S. Marine Forces Pacific Experimentation 
Center, which is one of the two operational managers for the laser ACTD.  
 
KEYWORDS: LASER, ACTD, Language, Speech 
 
 
OPERATIONAL SECURITY (OPSEC)/MILITARY DECEPTION WORKSHOPS  
James F. Ehlert, National Security Agency Cryptologic Chair Professor 
             Department of  Information Sciences
Sponsor: Space and Naval Warfare Systems Command - San Diego 
  
SUMMARY: The Space and Naval Warfare Systems Command (SPAWAR) Systems Center - San Diego 
(SC-SD) (Code 72) and the Naval Postgraduate School Cryptologic Research Center (CRC) teamed to 






KEYWORDS: Military Deception 
 
 
VULNERABILITY ASSESSMENT AUGMENTEE WITH THE NATIONAL SECURITY 
AGENCY (NSA) 
James F. Ehlert, National Security Agency Cryptologic Chair Professor 
Department of Information Sciences 
Sponsor: National Security Agency 
 
OBJECTIVE: To provide opportunities for Naval Postgraduate School (NPS) students interested in 
computer security to work alongside the National Security Agency (NSA) Blue Team in real-world 
operational assignments involving vulnerability assessments of Department of Defense commands. 
 The primary objective of this effort was to provide an avenue for NPS students to utilize the skills 
learned in an academic environment in an operational environment under the oversight of the NSA Blue 
Team. Lessons learned will be carried back to be employed and incorporated at NPS. 
 The expected outcome is the ability to assign NPS students to NSA Blue Team vulnerability 
assessments with minimal on-site training and to maximize the time spent performing the vulnerability 
assessment.  
 
KEYWORDS: Vulnerability Assessment, Blue Team 
 
 
TRANSFORMING NETWORK OPERATIONS THROUGH COLLABORATIVE DECISION 
SUPPORT AND AUGMENTED REALITY TECHNOLOGIES 
LT John F. Fay, USN 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Supported FORCEnet by creating an improved network operations model using 
collaborative decision support and augmented reality technologies. This model provided a method to 
improve network management through automated system recommendations, collaborative tools, and 
improved visualization of network performance.  
 
KEYWORDS: FORCEnet, Network Operations 
 
 
STANDING JOINT FORCE HEADQUARTERS PROCESS MODELING 
Shelley P. Gallup, Research Associate Professor 
Susan G. Hutchins, Research Assistant Professor 
Department of Information Sciences 
Sponsor: U.S. Joint Forces Command 
 
SUMMARY: Standing Joint Force Headquarters (SJFHQ) processes were analyzed and modeled to 
capture new processes that emerge, with an emphasis on interagency and service/functional component 
interactions. Information on SJFHQ were obtained from available J9 sources, from observing the SJFHQ 
during planned events at the U.S. Pacific Command, European Command, and U.S. Southern Command 
from a series of interviews, and through the development of use cases and user stories. The process models 
consisted of paper models delineating the processes and information flows and computer-based discrete-
event-simulation models that were exercised to show information-flow timelines. Outputs of executable 
simulations developed from paper models were provided as inputs to discussion of SJFHQ requirements 
and end states.  
 







SUPPORT FOR FORCENET - ANALYSIS/REPORTING FOR TRIDENT WARRIOR 03 
Shelley P. Gallup, Research Associate Professor 
William G. Kemple, Associate Professor 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Supported Trident Warrior 03 activities, and provided analysis and reporting support for the 
FY03/04 Naval Network Warfare Command (NETWARCOM) FORCEnet experimentation event.  
 
KEYWORDS: FORCEnet, Trident Warrior 3, NETWARCOM 
 
 
SUPPORT FOR FORCENET EXPERIMENTATION PROGRAM 
Shelley P. Gallup, Research Associate Professor  
William G. Kemple, Associate Professor 
Department of Information Sciences 
Sponsor: Naval Air Systems Command  
 
SUMMARY: Provided experiment design, planning, analysis and reporting expertise from the Meyer 
Institute of Systems Engineering, and Department of Information Systems at the Naval Postgraduate 
School to the FORCEnet experimentation continuum. 
 
KEYWORDS: Meyer Institute, FORCEnet 
 
 
SUPPORT FOR FORCENET INNOVATION AND EXPERIMENTATION PROGRAM 
Shelley P. Gallup, Research Associate Professor  
Department of Information Sciences 
Sponsor: Chief of Naval Operations 
 
SUMMARY: The Naval Postgraduate School (NPS) continues to provide analytic support across all 
FORCEnet experimentation events, similar to that provided for Trident Warrior 03, under the sponsorship 
of N61F and the Office of Naval Research (ONR). This includes involvement in the planning and conduct 
of the events leading up to Trident Warrior 04, and integration of the results from all the events. NPS will 
continue to exercise oversight of event objectives, ensuring that the events are designed to meet N61F and 
Naval Network Warfare Command (NETWARCOM) FORCEnet program objectives. In addition, the NPS 
FORCEnet innovation and research engine (FIRE) knowledge-management (KM) technology will continue 
to be developed and used to integrate results and program details for use in collaboration of related efforts 
(e.g., Department of Defense transformation).  
 
KEYWORDS: Meyer Institute, FORCEnet, Trident Warrior 03 
 
 
SUPPORT FOR FORCENET INNOVATION AND EXPERIMENTATION PROGRAM 
Shelley P. Gallup, Research Associate Professor  
Department of Information Sciences 
Sponsor: Naval Network Warfare Command 
 
SUMMARY: This project completed the Trident Warrior 03 support activities, and provided similar 
experiment design, planning, analysis and reporting support for the Naval Network Warfare Command 
(NETWARCOM) FORCEnet experimentation events in FY04, which will feature the spiral development 
of technology, process and measures leading to a series of limited-objective experiments and two 
integrated-prototype demonstrations.  
 





COMMUNITY MODELS - A NEW APPROACH TO WORLD MODELING AND THE 
KNOWLEDGE-ACQUISITION BOTTLENECK 
Rick Hayes-Roth, Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Identify and develop means of supporting a dramatic expansion in creation and use of 
world models. The project hopes to put the U.S. and DoD on an accelerated curve where greater benefits 
from more models are derived, to eliminate the bottleneck that constrains the use of intelligent systems. 
 
KEYWORDS: World Models 
 
 
EXPEDITIONARY PERVASIVE-SENSING PROGRAM 
Douglas P. Horner, Research Associate 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Performed research and development of a prototype for advanced military planning and 
situational awareness to support expeditionary pervasive-sensing-enabling experiments (EEE), a 
continuation of the previous year’s ArchAngel semantic web (SWEB) work for military applications, 
focusing on the use of Defense Advanced Research Projects Agency control of agent-based systems 
(COABS) agents together with an OWL-based ontology knowledge base and inferencing rules to provide a 
web-based tool for automated and dynamic route planning.  
 
KEYWORDS: Expeditionary Pervasive Sensing, ArchAngel, COABS, OWL 
 
 
EMAIL OVERLOAD REDUCTION RESEARCH PROJECT 
Thomas J. Housel, Professor 
Department of Information Sciences 
Sponsor: Secretary of the Navy  
 
SUMMARY: Developed a technology prototype that significantly contributes to reducing the effects of 
information overload on users due to high volumes of electronic mail; demonstrated a capability that may 
be scaled to address this problem within the Naval enterprise; and demonstrated a favorable cost-benefit to 
the Department of the Navy.  
 
KEYWORDS: Email, Spam, Information Overload 
 
 
ESTIMATING THE RETURN ON INVESTMENT ON INFORMATION TECHNOLOGY TO 
SUPPORT FORCENET AND NETWORK-CENTRIC WARFARE 
Thomas J. Housel, Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Used traditional and cutting-edge financial theory and -valuation models from the capital 
markets to build an effective measurement, data collection, and decision model specifically for FORCEnet 
/Network Centric Warfare information-technology resource management to identify electronic tools that 
could be used to automate the model.  
 







FINAL REQUIREMENTS ANALYSIS AND DOCUMENTATION FOR NAVAL BACHELOR 
HOUSING 
Thomas J. Housel, Professor 
Department of Information Sciences 
Sponsor: Navy Region Northwest 
 
SUMMARY: Provided the requirements for a production level, enterprise-wide solution for Navy bachelor 
housing.  
 
KEYWORDS: Bachelor Housing, BOQ, BEQ 
 
 
RE-CAPITALIZATION OF NAVAL BACHELOR-HOUSING-MANAGEMENT OPERATIONS 
THROUGH KNOWLEDGE-BASED, E-COMMERCE, BUSINESS-PROCESS RE-ENGINEERING 
AND INTEGRATED INFORMATION-TECHNOLOGY SOLUTIONS 
Thomas J. Housel, Professor 
Department of Information Sciences 
Sponsor: Navy Region Northwest 
 
OBJECTIVE: To provide a practicable enterprise-wide solution for recapitalization of Naval bachelor -
housing-management operations through the application of knowledge-based, e-commerce business 
process reengineering and integrated information technology. The project involved the creation of a web-
based reservations and property-management system portal that enhances the efficiency and effectiveness 
(i.e., the ROI) of the management and operations of its bachelor quarters and provides both management 
and customers the highest levels of service and satisfaction, while simultaneously reducing the financial 
overhead associated with the current business processes and current technological infrastructure.  
 
KEYWORDS: Bachelor Housing, BOQ, BEQ, Recapitalization 
 
 
A COGNITIVE-TASK ANALYSIS OF INTELLIGENCE ANALYSTS, TO SUPPORT ASSISTING 
PEOPLE TO BECOME INDEPENDENT LEARNERS IN THE ANALYSIS OF INTELLIGENCE 
Susan G. Hutchins, Research Associate Professor 
Department of Information Sciences 
Sponsor: Office of Naval Research 
 
SUMMARY: Conducted a cognitive-task analysis on Navy intelligence analysts currently enrolled in the 
National Security Affairs Department at the Naval Postgraduate School. The critical analysis method, a 
technique developed during the last phase of this research, was used to conduct interviews. Simulation data 
were also collected on analysts while performing a simulated version of the intelligence-analysis task using 
open-source data. This work was conducted to obtain data to support development of a computational 
model of the intelligence-analysis process.  
 
KEYWORDS: Cognitive-Task Analysis, Intelligence Analysis, NSA 
 
 
EVALUATION OF THE COLLABORATION ADVISOR TOOL 
Susan G. Hutchins, Research Associate Professor 
Department of Information Sciences 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To provide an evaluation of the Collaboration Advisor Tool (CAT), a team self-help 
diagnosis and recommendation expert system. This tool helps a collaborative team to diagnose their work 
situation and identify underlying reasons for team collaboration difficulties. The CAT uses evidential 






 The nature of work in most task domains is collaborative. The efficacy with which groups coordinate 
their activities is an important determinant of collaborative work. The goal for this effort was to examine 
and empirically validate a tool that was designed to help teams recognize problems early, before they are 
serious, and can help identify simple and direct ways to address the problem. Guidelines embedded in the 
CAT tell teams specifically what to look for to assess their collaboration risks and determine their 
collaboration problems. 
 
SUMMARY: The focus for this effort was on the design and conduct of an experiment to empirically 
evaluate the effectiveness of the CAT for improving team collaboration while engaged in a task that 
requires significant collaboration. This entailed the following sub-tasks: (1) identifying military officer-
students at the Naval Postgraduate School (NPS) to serve as experimental participants; (2) developing the 
experimental protocol; (3) developing measures of effectiveness; (4) conducting the experiment, and (5) 
documenting the results.  
 
KEYWORDS: Collaboration Advisor Tool, CAT, Team 
 
 
IDENTIFICATION AND DOCUMENTATION OF THE CONTENT AND STRUCTURE OF THE 
EXISTING NATIONAL MARITIME DOMAIN PROTECTION DATA SOURCES 
Magdi N. Kamel, Associate Professor 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
SUMMARY: This research was part of a larger effort to develop a new national maritime-domain-
protection architecture and information system. The objective of this research was to identify and document 
the content and structure of the data sources of the existing national maritime-domain-protection system. 
Understanding these data sources will serve as the basis for their integration and a follow-on system design.  
 
KEYWORDS: Maritime Domain Protection 
 
 
ADAPTIVE ARCHITECTURES FOR COMMAND AND CONTROL (A2C2) 
William G. Kemple, Associate Professor 
Department of Information Sciences 
Sponsor: Office of Naval Research 
 
SUMMARY: Investigated adaptation in joint Command and Control (C2) architectures. Developed 
theories of C2, i.e., “congruence” of task and organization. Used modeling to identify near-optimal 
organizational decisions for C2 tasks. Tested the theories and models in a series of experiments. Supported 
implementation of adaptable C2.  
 
KEYWORDS: Command and Control, Joint Operations, Model-Based Experimentation 
 
 
MAXIMIZING COMMAND-AND-CONTROL COMMUNICATIONS EFFICIENCY IN THE 
THIRD MARINE DIVISION 
William G. Kemple, Associate Professor 
Department of Information Sciences 
Sponsor: Marine Corps Tactical Systems Support Activity 
 
SUMMARY: The thesis supported by this funding, that of Capt. Criston Cox, USMC, investigated 
balancing each system's capabilities by studying them in a “system of systems” approach in order to create 
the optimum synergistic C4 architecture. Using modeling tools, network analyzers, packet sniffers and 
statistical analysis, this research provided an implementation model for the division's C4 architectures, and 
identified commercial, off-the-shelf items, configuration changes and procedures that most efficiently 






KEYWORDS: C4 Architecture, Communications Efficiency, Third Marine Division 
 
 
COMMANDER THIRD FLEET SCIENCE-ADVISOR TOUR 
Richard A. Kimmel, Research Associate  
Department of Information Sciences 
Sponsor: Office of Naval Research 
 
SUMMARY: Richard A. Kimmel was selected for the Office of Naval Research (ONR) science and 
technology (S&T) advisor program and was detailed to Commander Third Fleet (C3F), San Diego, 
California, during CY04. Under this program, S&T advisors remain attached to their home command; ONR 
funds this billet directly to the advisor’s home command. Science-and-technology advisors are civilian 
scientists and engineers selected from the Naval technical community to participate in a career-
development tour. Selection is determined through a nationwide competition. They serve as the 
representative of the commander on interactions with S&T organizations in government, academia and 
industry. They also support the Department of the Navy S&T and R&D communities to provide rapid 
technology insertion, long-term investment leverage, and surge capability in support of high priority 
fleet/force issues. The science advisors are concerned with programs relating to all aspects of naval 
warfare.  
 
KEYWORDS: Commander Third Fleet, Science Advisor 
 
 
HIGH-POWER MICROWAVE RECEIVER FOR OUTDOOR TEST RANGE 
Daniel C. Schleher, Professor 
Department of Information Sciences 
Sponsor: Naval Air Warfare Center - Weapons Division 
 
SUMMARY: Performed a system engineering analysis to determine an optimum receiver to be used in an 





TEST THE EFFECTIVENESS OF THE EA-6B USING ILLUMINATED BULK CHAFF AGAINST 
RADARS WITH SIDELOBE CANCELLERS 
Daniel C. Schleher, Professor 
Department of Information Sciences 
Sponsor: Navy Warfare Development Command  
 
SUMMARY: Developed and published tactics, techniques and procedures for employing bulk chaff 
illuminated by EA-6B jamming to counter radar sidelobe cancellers.  
 
KEYWORDS: Bulk Chaff, EA-6B, Radar, Sidelobe Cancellers 
 
 
INTEGRATING HARDWARE AND SOFTWARE TECHNOLOGIES TO AUTOMATE THE 
INFORMATION CONDITION (INFOCON) IMPLEMENTATION PROCESS 
LT Douglas K. Shamlin, USN 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Developed an automated defensive capable of managing Information Condition (INFOCON) 






KEYWORDS: Information Condition Implementation, INFOCON 
 
 
FY04 NAVAL POSTGRADUATE SCHOOL (NPS) LIAISON DESK SUPPORT FOR U.S. 
PACIFIC COMMAND (PACOM) J39 FOR COBRA GOLD 04 WEB INFLUENCE OPERATIONS 
EXPERIMENTATION 
Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsor: U.S. Pacific Command 
 
SUMMARY: Provided research support as requested by the U.S. Pacific Command (USPACOM), J39, in 
support of experimentation with web-based influence operations for Exercise Cobra Gold 04, in 
conjunction with the Naval Postgraduate School (NPS) liaison desk for USPACOM.  
 




Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsor: Department of the Navy - Chief Information Officer  
 
SUMMARY: Nemesis is a mobile, reconfigurable lab resource for Naval Postgraduate School students and 
faculty to conduct research in the wireless local area network (WLAN) field.  
 
KEYWORDS: Nemesis, Mobile Lab, WLAN 
 
 
TRANSFORMATIONAL COMMUNICATIONS TECHNOLOGIES, FSO/WIFI, FOR THE 
COMMON AVIATION COMMAND-AND-CONTROL SYSTEM AND UNIT CENTER AT THE 
TACTICAL LEVEL 
Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command - Charleston 
 
SUMMARY: Students from the Naval Postgraduate School (NPS) conducted thesis research to improve  
tactical communications abilities on the battlefield for the Marine Corps.  
 
KEYWORDS: Tactical Communications 
 
 
TRANSFORMATIONAL COMMUNICATIONS TECHNOLOGIES FOR THE COMMAND 
AVIATION COMMAND AND CONTROL SYSTEMS (CAC2S) AT THE TACTICAL LEVEL 
Brian D. Steckler, Lecturer 
Department of Information Sciences 







TRANSFORMATIONAL COMMUNICATIONS TECHNOLOGIES FOR THE COMMON 
AVIATION COMMAND AND CONTROL SYSTEM (CAC2S) AT THE TACTICAL LEVEL AND 
PROOF OF CONCEPT FOR OPERATIONAL OR STRATEGIC LEVEL COMMUNICATIONS 
SUCH AS THE STOM BRIDGE 
Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsors: Marine Corps Systems Command / Space and Naval Warfare Systems Command 
 
OBJECTIVE: To determine if the United States Marine Corps can exploit new technologies to operate 
more effectively from Common Aviation Command and Control System (CAC2S) node locations. While 
this was focused on the tactical level, this research also commented on whether these technologies are 
operationally suited for the operational or strategic level in areas such as the Ship to Objective Maneuver 
(STOM) Bridge concept. Two technologies, free Space Optics (FSO) and Fixed Wireless (WiFi), have the 
potential of becoming the future communication means for intra-nodal and inter-nodal links for CAC2S. 
The intra-nodal connection, Command Center to a remotely located Antenna Hill, was researched to 
determine if FSO and/or WiFi gear can replace wires between the two sites. A thorough examination was 
also conducted for the inter-nodal connection, CAC2S node to CAC2S node, which is a beyond-the-line–of 
sight (BLOS) and over-the-horizon (OTH) communications issue. A determination will be made on 
whether FSO and/or WiFi can be a better fit than Marine Corps legacy equipment, MRC-142 and TRC-
170. The ultimate goal of this research was to determine if these technologies offer more flexibility, 
mobility, and capability at the tactical level to the CAC2S nodes of the future. This proof of concept can be 
a stepping stone in utilizing these technologies for operational or strategic level communications such as 
the STOM Bridge.  
 
KEYWORDS: Transformational Communications, CAC2S, STOM Bridge 
 
 
U.S. PACIFIC COMMAND (PACOM) CHAIR SUPPORT 
Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
 
WIRELESS LOCAL AREA NETWORK (WLAN) RESEARCH SUPPORT FOR THE 
CEBROWSKI BATTLESPACE COMMUNICATION ARCHITECTURE PROJECT 
Brian D. Steckler, Lecturer 
Department of Information Sciences 
Sponsor: Naval Postgraduate School 
 
 
JOINT INTELLIGENCE VIRTUAL UNIVERSITY IMPLEMENTATION 
John W. van Hise, Jr., Research Associate Professor 
Department of Information Sciences 
Sponsor: National Security Agency 
 
SUMMARY: Developed, managed and delivered graduate level instruction, including synchronous, 
asynchronous and blended technical, operational and technical courseware via the Joint Intelligence Virtual 
University. The Naval Postgraduate School conducted a proof of concept study for the delivery of 
classified advanced level education for the national intelligence community.  
 







CYBER-WARFARE: IDENTIFY, ATTACK, DEFEND AND ASSESS 
CPT Juan C. Vega, USA 
Department of Information Sciences 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Supported the information operations (IO) and homeland defense initiative by creating an 
improved executive level management tool detailing computer network defense and understanding a 
network attack and the integration of systems that detect threats and defend the U.S. homeland against 
asymmetric attacks.  
 




































The Naval Postgraduate School Operations Research (OR) program is a world-class curriculum designed to 
teach students the science of helping people and organizations make better decisions.  
 This science is necessary in today’s increasingly complex operating environment in which officers and 
managers must respond quickly to a vast array of demands while also weighing the options and 
consequences of each into his or her final decision. OR offers a scientific approach through the use of many 
tools and techniques in order to assist an individual in his or her decision making process. 
 The military specifically uses OR at the strategic, operational, and tactical levels. OR applications 
cover the gamut of military activities including: National policy analysis, resource allocation, force 
composition and modernization, logistics, human resources, battle planning, flight operations scheduling, 
intelligence, command and control, weapon selection, engagement tactics, maintenance and replenishment, 
and search and rescue.  
 The Department of Operations Research mission is: 
 To educate analysts who are fully capable of conducting independent analytical studies of military 
problems, and have an educational basis for continued learning and development. 
 To provide the United States government and our allies with military officers who have a 
comprehensive knowledge of military operations research, and who can perform and manage 
quantitative analysis of operational and other Defense problems. 
 To provide operations research and general analysis support to the Department of Defense (DoD). 





 Modeling, Virtual Environments and Simulation (MOVES) 
 Electronic Warfare Systems International 
 Information Systems and Operations 
 Information Systems Technology 
 Information Warfare 
 Joint C4I 
 Intelligence Information Management 
 Naval/Mechanical Engineering 
 Operations Analysis 
 Operational Logistics 
 Advanced Science (Applied Mathematics) 
 Product Development 21 
 Space Systems Operations International 
 Space Systems Operations 
 Systems Engineering/Integration 
 Manpower Systems Analysis 
 Undersea Warfare 





 Master of Science in Operations Research 
 Master of Science in Applied Science 




















 Probability and Stochastic Processes 
 Optimization 
 Statistics and Data Analysis 
 Human Factors and Systems Integration 
 Simulation and War Gaming 





 Chair for Manpower Modeling 
 Chair of Applied Systems Analysis 





 Secure Computing and Simulation Lab (WARLAB) 
 Optimization Lab 
 Human Systems Integration Laboratory (HISL) 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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INTERDISCIPLINARY APPLIED STATISTICAL RESEARCH 
David H. Annis, Assistant Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: The research completed a number of works in progress. These projects included object 
ranking methods based on paired comparison data, characterization and improvement of antibacterial 
susceptibility testing, alternative methods for determining probability of detection (POD) of material 
anomalies, and probabilistic modeling of fatigue life.  
 
 
EXTENSIBLE ANALYST TOOLKIT FOR MILITARY PLANNING SYSTEMS 
Gordon H. Bradley, Professor 
Department of Operations Research 
Arnold H. Buss, Research Assistant Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Air Force Office of Scientific Research 
 
OBJECTIVE: To design and develop an architecture for dynamic map-based military planning 
applications using new platform-independent software technology. The toolkit will be a collection of 
components that support the rapid construction of map-based military planning systems. The existing 
components for map and image display, network modeling, and optimization algorithms will be augmented 
by components to support large-scale optimization and to construct hierarchical optimization models. This 
is a continuing research project.  
 
SUMMARY: The research has designed and developed an Extensible Analyst Toolkit, called the “NPS 
Incident Analysis System” that has been demonstrated by constructing a map-based planning system for 
dynamic military analysis. The architecture coordinates a collection of components. The system accesses 
and displays data, maps, overlays, algorithms, and other information. The components perform tasks such 
as: displaying maps, satellite images, and overlays; accessing, entering, and modifying data; constructing 
and displaying models of military operations; and accessing and executing algorithms to analyze 
operations. An XML language, NaGML, was developed to display, animate and analyze incident data from 




Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” The Next Wave in 
Computing, Optimization and Decision Technologies, B.L. Golden, S. Raghavan and E.A. Wasil (Eds.), 




Bradley, G., “Network and Graph Markup Language (NaGML),” Institute for Operations Research and the 
Management Sciences (INFORMS) Annual Meeting, Denver, CO, 24-27 October 2004. 
 
Bradley, G., “Network and Graph Markup Language (NaGML) Data File Formats,” Ninth Institute for 
Operations Research and the Management Sciences (INFORMS) Computing Society Conference (ICS 
2005), Annapolis, MD, 4-7 January. 
 
Bradley, G., “Tutorial: Network and Graph Project - Open Source Tools for Network Analysis and 
Algorithms,” Ninth Institute for Operations Research and the Management Sciences (INFORMS) 
Computing Society Conference (ICS 2005), Annapolis, MD, 4-7 January. 
 
Bradley, G. and Schneider, P., “Dynamic Display of Insurgency Incidents from Operation Iraqi Freedom,” 
72nd Military Operations Research Society (MORS) Symposium, Monterey, CA, 22-24 June 2004. 
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Project Monterey: An extensible optimization toolkit to support real-time and near real-time military 
decision-making using network models based on the Loosely Coupled Components Architecture (LCCA). 
 





Schneider, P., “Dynamic Incident Display and Change Point Detection in Counterinsurgency Operations,” 
Master’s Thesis, Naval Postgraduate School, September 2004. (Restricted to U. S. Government agencies 
and their contractors.) 
 




Gordon H. Bradley, Professor 
Gerald Brown, Distinguished Professor 
R. Kevin Wood, Professor 
Department of Operations Research 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop a stochastic network-interdiction model to address the classic military problem 
of “delaying the enemy,” a new attacker-defender model for locating AEGIS battle groups for theater 
ballistic missile defense, and an Extensible Markup Language (XML)-based language for representing 
network and graph optimization problems; this will be integrated into the component architecture for map-
based military planning systems. This is a continuing research project. 
 
SUMMARY: Near-shortest-path enumeration has been combined with Lagrangian relaxation to yield an 
algorithm for constrained shortest paths that is orders of magnitude faster than its competitors. 
Implemented and demonstrated a two-sided optimization, based on interdiction theory, where the attacker 
(e.g., North Korea) optimally fires ballistic missile salvos at a set of targets of interest to the United States 
(e.g., Japanese cities), and the Joint Defender optimally outfits and pre-positions defensive interceptor 
platforms in anticipation of such an attack. The prototype mimics what is now done for the U.S. Navy by a 
system using outright enumeration on a large server farm; a provably optimal solution was produced on a 
laptop in minutes. Another part of this research extended a toolkit of methods to quickly construct graph 
and network algorithms. The algorithms were integrated into a dynamic map-based military planning 
system. An XML language, NaGML was developed for networks and graphs; this was used to display, 
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Brown, G., Carlyle, M., Diehl, D., Kline, J., and Wood, K., “A Two-sided Optimization for Theater 
Ballistic Missile Defense,” Operations Research, 2004, (to appear). 
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Carlyle, M. and Wood, K., “Near-Shortest and K Shortest Simple Paths,” Networks, 2005, (to appear). 
 
Salmeron, J., Wood, K., and Baldick, R., “Analysis of Electric Grid Security Under Terrorist Threat,” IEEE 
Transactions on Power Systems, Vol. 19-2, pp. 905-912, 2004.  
 
Silva, E. and Wood, K., “Solving a Class of Stochastic Mixed-Integer Programs with Branch and Price,” 
2004, (in review). 
 
Singh, K., Philpott, A., and Wood, K., “Column Generation for Design of Survivable Electricity 
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Gerald Brown, Distinguished Professor 
R. Kevin Wood, Professor 
Department of Operations Research 
Sponsor: Air Force Office of Scientific Research 
 
OBJECTIVE: This annual proposal for continued support of this research program in large-scale 
optimization includes two, main, short-term topics: Development and implementation of (a) new 
techniques for solving constrained shortest-path problems, with applications to the routing of military 
aircraft, and (b) extensions of interdiction models to game-theoretic situations. 
 
SUMMARY: Developed and tested a new algorithm for enumerating near-min-weight cuts in directed 
networks. Lagrangian-based algorithms employing this basic technology for solving network interdiction 
problems have proven themselves to be orders of magnitude faster than conventional methods. Researchers 
also developed, fully implemented, and demonstrated a project-management tool describing how a 
belligerent nation can expedite development of a first uranium fission weapon, and showed how to 
optimally impede, embargo, interdict, or attack key activities to maximize the delay in completing such a 
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Gerald Brown, Distinguished Professor 
R. Kevin Wood, Professor 
Department of Operations Research 
Sponsor: Joint Warfare Analysis Center 
 
OBJECTIVE: To develop models and mathematical programming techniques to solve several versions of 
the following network interdiction problem: A “network user” wishes to route supplies of various 
commodities through a network in order to meet prioritized demands for those commodities at known 
locations. Using limited interdiction assets, what is the most efficient way to interdict the network so as to 
maximize priority-weighted unmet demand for the network user? 
 
SUMMARY: Developed Lagrangian-based algorithms to solve a max-flow network-interdiction problem 




conducted on interdicting a multi-commodity naval deployment, with the purpose of identifying 
vulnerabilities in U.S. deployments. In related work, researchers implemented a project-management tool 
describing how a belligerent nation can expedite development of a first uranium fission weapon, and 
showed how to optimally impede, embargo, interdict, or attack key activities to maximize the delay in 
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DESIGN AND ANALYSIS OF SIMULATION FOR ADVANCED JOINT C4ISR NODE 
Samuel E. Buttrey, Associate Professor 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: U.S. Joint Forces Command 
 
 
COMBAT LOGISTICS FORCE (CLF) FLEET SIZE, COMPOSITION AND EMPLOYMENT 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: Chief of Naval Operations 
 
OBJECTIVE: To develop an optimization-based decision support system for combat logistics force (CLF) 
assessment, in support of emerging fleet needs such as developing logistical concepts of operation 
(CONOPS) for seabasing, CLF fleet restructuring, CLF ship replacement, etc. 
 




LARGE-SCALE NETWORK ALGORITHMS 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: National Security Agency  
 
OBJECTIVE: Provide support for student thesis tours at the National Security Agency (NSA), provided 
support for Naval Postgraduate School (NPS) faculty to visit NSA to deliver presentations on current 
research, and completed work on an extension of a cut-enumeration algorithm to solve a network diversion 
problem. 
 
KEYWORDS: Algorithms, Network Diversion 
 
 
NAVY-BFSA: NAVY BLUE FORCES SITUATIONAL AWARENESS 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: Chief of Naval Operations (N815E5) 
 
OBJECTIVE:  To construct a model for optimally allocating a budget to minimize the vulnerability of 
friendly forces to friendly fire. 
 
KEYWORDS: BFSA, Blue Forces 
 
 
NETWORK INTERDICTION FOR INFORMATION OPERATIONS 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: National Security Agency 
 
OBJECTIVE: To provide network interdiction analysis for use in information operations. 
 
 
SUPER-VALID INEQUALITIES IN ENUMERATIVE METHODS FOR COMBINATORIAL 
OPTIMIZATION  
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School  
 
OBJECTIVE: To develop effective solution procedures for combinatorial optimization problems that 
employ “super-valid” inequalities to dramatically reduce the amount of enumeration required to determine 
an optimal solution.  
 
KEYWORDS: Optimization Problems, Super-Valid Inequalities 
 
 
TACMEMO DEVELOPMENT: NON-ACOUSTIC ANTI-SUBMARINE WARFARE (NAASW) 
Jeffrey Crowson, Assistant Professor 
Department of Operations Research 
Matthew Boensel, Lecturer 
Department of Systems Engineering 
Sponsor: Naval Warfare Development Command 
 
OBJECTIVE: To construct a tactical memorandum for fleet use regarding the conduct of non-acoustic 
anti-submarine warfare (NAASW). This research responds to a request made by Commander, Fleet 
Reconnaissance Wing Pacific through the Naval Warfare Development Command. The Naval Postgraduate 




current tactics and new tactical procedures. The data and results will be made available for future use by 
fleet operating forces.  
 
SUMMARY: The focus of this research was in two primary areas; first, what measures of effectiveness 
can be associated with the tactical process, what is the effectiveness of the current tactic, and what tactic(s) 
may be recommended to improve effectiveness? Second, is there a way that operational forces can 
determine, in situ, the probable effectiveness of the tactics employed given parameters of search sensors, 
environment, and target characteristics? For tactical measures of effectiveness, agent based modeling was 
developed with a goal of determining expected time to first detection. For real-time updating of tactical 
effectiveness, a spreadsheet model of sensor performance was developed that users may update with 
changing conditions. The research will result in a tactical memorandum to be published in 2005.  
 
KEYWORDS: Non-Acoustic Anti-Submarine Warfare 
 
 
THIRD FLEET DESK SUPPORT 
Jeffrey Crowson, Assistant Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
 
OPTIMIZATION MODELS FOR INSTALLATION MANAGEMENT 
Robert F. Dell, Associate Professor  
Department of Operations Research  
Sponsor: U.S. Army, Assistant Chief of Staff for Installation Management 
 
OBJECTIVE: To develop optimization models to assist with installation management. 
 
SUMMARY: The investigator provided research, support, and development of optimization models to 
assist the Army’s Assistant Chief of Staff for Installation Management. The integer-linear programs Budget 
Allocation for Environmental Cleanup (BAEC) and Base Realignment and Closure Action Scheduler 
(BRACAS) were the primary 2004 development effort. The Army’s Base Realignment and Closure Office 
used BAEC to help plan over $600 million in environmental cleanup. BRACAS was revised for use to be 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimizing Military Capital Planning,” INTERFACES, 34, 




Dell, R., “Base Realignment and Closure Action Scheduler (BRACAS),” 72nd Military Operations 
Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Ewing, P. and Dell, R., “The Optimally Stationing of Army Forces Model (OSAF),” 72nd Military 
Operations Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Olwell, D., Dell, R., Meagher, M., and Regnier, E., “Low-Level Environmental Clean-Up Cost Modeling,” 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimization-Based Military Capital Planning,” Naval 






Al Romaihi, M.M., “Scheduling Army Base Realignment and Closure,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
Kasimoglu, F., “An Integer Linear Program to Schedule an Army Installation's Maneuver Training,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Meagher, M., “A Low-Resolution Cost Model for Environmental Restoration of Closing Army 
Installations,” Master’s Thesis, Naval Postgraduate School, March 2004. 
 
KEYWORDS: BRAC, Capital Budgeting, Optimization, Mixed Linear Integer Programming Application 
 
 
OPTIMIZATION AND STATISTICAL MODELS FOR THE ARMY BASING STUDY  
Robert F. Dell, Associate Professor  
Department of Operations Research  
David H. Olwell, Senior Lecturer  
Department of Systems Engineering  
Sponsor: U.S. Army, Army Basing Study 
 
OBJECTIVE: To develop optimization models to assist with base realignment and closure. 
 
SUMMARY: The investigators provided continuing research, support, and development of optimization 
and statistical models for the Army Basing Study. The primary 2004 development effort was a statistical 
model to estimate the environmental restoration costs of proposed closures, the Optimally Stationing Army 
Forces (OSAF) integer linear program, and the Base Realignment and Closure Action Scheduler 
(BRACAS) integer linear program. The Army used OSAF and BRACAS to help decide its recommended 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimizing Military Capital Planning,” INTERFACES, 34, 




Dell, R., “Base Realignment and Closure Action Scheduler (BRACAS),” 72nd Military Operations 
Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Ewing, P. and Dell, R., “The Optimally Stationing of Army Forces Model (OSAF),” 72nd Military 
Operations Research Society Symposium, Monterey, CA, 22-24 June 2004. 
 
Olwell, D., Dell, R., Meagher, M., and Regnier, E., “Low-Level Environmental Clean-Up Cost Modeling,” 




Brown, G.G., Dell, R.F., and Newman, A.M., “Optimization-Based Military Capital Planning,” Naval 




Al Romaihi, M.M., “Scheduling Army Base Realignment and Closure,” Master’s Thesis, Naval 





Kasimoglu, F., “An Integer Linear Program to Schedule an Army Installation's Maneuver Training,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Meagher, M., “A Low-Resolution Cost Model for Environmental Restoration of Closing Army 
Installations,” Master’s Thesis, Naval Postgraduate School, March 2004. 
 
KEYWORDS: BRAC, Capital Budgeting, Optimization, Mixed Linear Integer Programming Application 
 
 
CENTER FOR NAVAL ANALYSES (CNA)/NAVAL POSTGRADUATE SCHOOL ANALYSIS 
INITIATIVE 
James N. Eagle, Professor 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Supported an Intergovernmental Personnel Act (IPA) between the Naval Postgraduate 
School (NPS) and the Center for Naval Analyses (CNA) for Dr. Greg Cox. Dr. Cox collaborated on 
research of mutual interest to the parties and the Department of the Navy (DoN). 
 
 
PROPOSAL TO APPLY OPERATIONS ANALYSIS FOR FORCENET (FN) DESIGN AND 
OPERATIONS 
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor  
Department of Operations Research 
Sponsors: Cebrowski Institute and the Center for Defense Technology and Education for the 
Military Services (CDTEMS), Naval Postgraduate School  
 
OBJECTIVE: To evaluate operational benefits and risks of FORCEnet architectures relative to a 
centralized command and control architecture.  
 
SUMMARY: Models were developed to evaluate FORCEnet architectural and operational control 




Gaver, D.P., Jacobs, P.A., and Kao, C.-C., “Dynamic Adaptive Epidemic Models for Peer-to-Peer Network 
Access,” Proceedings of the 12th International Conference on Telecommunication Systems- Modeling and 




Gaver, D.P., Jacobs, P.A., and Kao, C.-C., “Dynamic Adaptive Epidemic Models for Peer-to-Peer Network 
Access,” 12th International Conference on Telecommunication Systems- Modeling and Analysis, Naval 




Glazebrook, K.D., Mitchell, H.M., Gaver, D.P., and Jacobs, P.A., “The Analysis of Shooting Problems via 




Gaver, D.P., Jacobs, P.A., Samorodnitsky, G., and Glazebrook, K., “Modeling and Analysis of Uncertain 





Samorodnitsky, G., Gaver, D.P., and Jacobs, P.A., “Choosing the Best Customer to Serve and the Ratio 




Brickner, W., “An Analysis of the Kill Chain for Time Sensitive Strike,” Master’s Thesis, Naval 
Postgraduate School, 2005, (expected). 
 
Kao, C.-C., “Network-Centric Command and Control with Peer-to-Peer Communication in Time Critical 
Targeting,” Master’s Thesis, Naval Postgraduate School, 2005, (expected). 
 
KEYWORDS: Combat Models, Bayesian Perception Updating, Decision Analysis  
 
 
RESOURCE SCHEDULING TOOLS FOR HOMELAND DEFENSE OPERATIONS: 
EMERGENCY MEDICAL MANAGEMENT, DISASTER RELIEF AND SHIPMENT/BAGGAGE 
SCREENING 
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor  
Department of Operations Research 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To develop and utilize models and software to explain and justify the extra asset and 
personnel requirements imposed by new threats, and to provide ways of evaluating new proposed sensors, 
strategies, tactics, and concepts of operation (CONOPS) for combating a variety of threats and/or natural 
disasters. 
 
SUMMARY: Models were developed to study procedures for the allocation of resources to combat a 




Gaver, D.P. and Jacobs, P.A., “Some Operations Research (and/or Statistics and Mathematical Modeling) 
Problems in Homeland Defence,” Department of Management, University of Canterbury, Christchurch, 
New Zealand, 18 February 2004. 
 
Gaver, D.P. and Jacobs, P.A., “Some Operations Research (and/or Statistics and Mathematical Modeling) 
Problems in Homeland Defence,” Department of Engineering Science, University of Auckland, New 
Zealand, 16 February 2004. 
 
Gaver, D.P. and Jacobs, P.A., “The Uncertain Time-Critical Tasking Probability with Long-Tailed 
Demand,” Canadian Operational Research Society (CORS)/Institute for Operations Research and the 




Gaver, D.P., Jacobs, P.A., Bullock, G., and Simons, R., “Models for Transmission and Control of 




Bullock, G. and Simons, R., Epidemic Simulation, JAVA Applet, http:// 
www.cohort.com/epidemic/epidemic.html, May 2004.  
 
Gaver, D.P. and Jacobs, P.A., “A Model for an Epidemic with Vaccination, Tracing and Publicity,” 





Gaver, D.P. and Jacobs, P.A., “Planning Service to Provide Disaster Relief: Generic Command and Control 
Models,” report in progress. 
 
Gaver, D.P., Jacobs, P.A., and Pilnick, S.E., “Small Worlds by Design,” report in progress. 
 
KEYWORDS: Service Systems, First Responders, Homeland Security 
 
 
SYSTEM OF STUDY OF THE JOINT PERSONNEL RECOVERY AGENCY (JPRA) MISSION  
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor 
Department of Operations Research 
Sponsor: Joint Personnel Recovery Agency 
 
OBJECTIVE: To develop and utilize models and software to assist decision makers in the planning of 
personnel recovery missions. 
 
SUMMARY: High-level-low-resolution models for the study of benefits and potential challenges of joint 




Gaver, D.P. and Jacobs, P.A., “Formulation of, and Modeling for, Joint Personnel Recovery Agency 
(JPRA) Management Problems,” Working Paper, December 2004. 
 
Gaver, D.P. and Jacobs, P.A., “Stochastic Models for Personnel Rescue, and Analogous Modern Military 
Situations,” Working Paper, September 2003. 
 
Gaver, D.P., Jacobs, P.A., and Glazebrook, K.D., “Loss Models with Specialized Servers, with Application 
to Joint Personnel Recovery,” Working Paper, August 2003. 
 
KEYWORDS: Combat Models, Bayesian Perception Updating, Decision Analysis  
 
 
TRAINING AND RESEARCH SUPPORT FOR DIRECTOR, OPERATIONAL TEST AND 
EVALUATION 
Donald P. Gaver, Distinguished Professor 
Patricia A. Jacobs, Professor  
Department of Operations Research 
Sponsors: Director, Operational Test and Evaluation and the Naval Postgraduate School 
 
OBJECTIVE: To develop training and reference material on a website and new methodology for 
operational testing use, emphasizing modeling and simulation. 
 
SUMMARY: Models for system development and reliability growth in evolutionary acquisition were 
developed and studied. 
 
CONFERENCE PUBLICATIONS:  
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Modern Military Evolutionary Acquisition and the 
Ramifications of RAMS,” Proceedings of 27th European Safety Reliability and Data Association 





Gaver, D.P., Jacobs, P.A., and Seglie, E., “Stochastic Models for Reliability Risks in Evolutionary Spiral 
Acquisition,” Proceedings of the 4th International Conference in Mathematical Methods in Reliability, 




Gaver, D.P., Glazebrook, K.D., Jacobs, P.A., and Seglie, E., “Reliability Growth through Block Upgrade,” 
European Safety and Reliability Conference (ESREL) 2005, (invited paper accepted).  
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Modern Military Evolutionary Acquisition and the 
Ramifications of RAMS,” 27th European Safety Reliability and Data Association (ESReDA) Seminar, 
Glasgow, Scotland, 15-18 November 2004, (invited). 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Modern Military Evolutionary Acquisition and Reliability 
Growth,” National Academy of Sciences Workshop, Washington, D.C., 12-13 December 2004, (invited). 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Opportunities at the Statistics-Operations Research Interface,” 
National Science Foundation (NSF) Sponsored Workshop, Santa Fe, NM, 10-12 January 2004, (invited). 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Probabilistic and Statistical Challenges in the Design and 
Operations of New (Military) Systems,” Seminar, Department of Mathematics, University of Ireland at 
Galway, 4 November 2004. 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., “Stochastic Models for Reliability Risks in Evolutionary Spiral 
Acquisition,” 4th International Conference in Mathematical Methods in Reliability, Santa Fe, NM, 21-25 
June 2004, (invited). 
 
CONTRIBUTIONS TO BOOKS: 
 
Gaver, D.P., Statistics and Operations Research: Opportunities at the Interface, S.M. Robinson (Ed.), 
January 2005. 
 
Gaver, D.P., Jacobs, P.A., and Seglie, E., Stochastic Models for Reliability Risks in Evolutionary Spiral 
Acquisition, invited book chapter. 
 




GLOBAL HAWK MARITIME DEMONSTRATION CONCEPT OF OPERATIONS (CONOPS) 
DEVELOPMENT 
LCDR Russell Gottfried, USN, Military Faculty 
Department of Operations Research 
Sponsor: Naval Air Systems Command  
 
OBJECTIVE: Develop concept of employment to integrate Global Hawk Maritime Demonstration UAV 
with carrier and expeditionary strike groups. 
 






APPLY OPERATIONS ANALYSIS TO FORCENET (FN) DESIGN AND OPERATION 
Patricia A. Jacobs, Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Applied mathematical and computational methods of operations research (differential, 
difference, probabilistic equations and simple point event stochastic simulations) to analyze the 
performance of alternative FORCEnet architecture. Determined tendencies for saturation and susceptibility 
to opponent deception and jamming.  
 
KEYWORDS: Global Hawk, CONOPS, Temasek, ForceNET 
 
 
CHAIR OF WARFARE INNOVATION FOR SEA TRIAL EXPERIMENTATION, ANALYSIS 
AND RESEARCH INITIATIVES 
CAPT Jeffrey E. Kline, USN, Military Faculty  
Department of Operations Research 
Sponsor: Naval Warfare Development Command 
 
SUMMARY: Funding in accordance with a Memorandum of Understanding (MOU) between the Naval 
Warfare Development Command (NWDC) and the Naval Postgraduate School, creating a Chair of Warfare 
Innovation to support thesis work related to development and experimentation in warfare innovation. 
 
KEYWORDS: Sea Trial Experimentation 
 
 
NAVAL POSTGRADUATE SCHOOL STATISTICAL SUPPORT FOR COST ANALYSIS 
IMPROVEMENT GROUP (CAIG) 
Robert A. Koyak, Associate Professor 
Department of Operations Research  
Sponsor: Office of the Secretary of Defense, Program Analysis and Evaluation Branch,  
Cost Analysis Improvement Group (CAIG) 
 
OBJECTIVE: To support the Chair of Cost Analysis at the Naval Postgraduate School (NPS) (under 
Office of the Secretary of Defense (OSD) sponsorship), and to support student and faculty research in cost 
analysis. 
 
SUMMARY: The Program Analysis and Evaluation (PA&E) branch of OSD entered into a memorandum 
of understanding (MOU) with the superintendent of NPS to institute and maintain a chair of cost analysis at 
NPS. Professor Koyak was designated as chairman and continued in this position in 2004. The function of 
the chairman is to promote research in cost analysis at NPS among both students and faculty. In June 2004, 
Australian Army Major Roger Grose finished his master’s thesis on a topic related to cost analysis, with the 
support of OSD PA&E through the chair. In November 2004, a paper related to this work was submitted 
for publication to an operations research journal, and was accepted for presentation at the 38th annual DoD 




Brown, G.G., Grose, R.T., and Koyak, R.A., “Scheduling a Long-Term, High-Technology, High-Risk 
Project with Task Durations and Costs that May Increase Over Time,” Military Operations Research 







Grose, R.T., “Cost-Constrained Project Scheduling with Task Durations and Cost that May Increase Over 
Time: Demonstrated with the U.S. Army Future Combat Systems,” Master’s Thesis, Naval Postgraduate 
School, June 2004. 
 
KEYWORDS: Cost Estimation, Acquisition, Evaluation 
 
 
MODELING SENSOR DETECTION OF SUICIDE BOMBERS 
Moshe Kress, Professor 
Department of Operations Research 
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: Developed and implemented mathematical models and methods for evaluating the 
effectiveness of various mixes of sensors in scenario-dependent suicide-bomb events. 
 
KEYWORDS: Suicide Bomb, Sensor Detection 
 
 
POLICY AND OPERATIONAL ISSUES IN BIODEFENSE LOGISTICS 
Moshe Kress, Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Developed and implemented mathematical models and methods for evaluating scenario-
dependent alternative policies for responding to bioattack on the general population. The goal of the second 
year research project was to expand and extend the results of the first year's research. In particular, the 
expanded models addressed population mobility, travel control, behavioral effects of the population and 
“peripheral effects,” such as how well other goods and services are supplied during the vaccination process. 
 
KEYWORDS: Biodefense Logistics 
 
 
DECISION MAKING UNDER UNCERTAINTY WITH MILITARY APPLICATIONS 
Kyle Y. Lin, Assistant Professor 
Department of Operations Research  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: This two-year research project seeks to apply mathematical tools to help make better 
decisions when the outcome of a decision involves chances. The project contains three parts: (1) 
transmission energy management, (2) joint control for inventory replenishment and dispatch, and (3) 
counter-terrorism and homeland security problems. This project started in October 1 2004, and will 
continue for two years. 
 
SUMMARY: This project contains three parts. The first part develops the optimal transmission policy for 
an energy-constrained transmitter, which has applications in sensors, electronics, and electronic warfare. 
The second part investigates joint control for inventory replenishment and dispatch, which has applications 
in military supply chain and logistics management. The last part explores and identifies research problems 














DESIGNING SIMULATION EXPERIMENTS TO SUPPORT THE FUTURE COMBAT 
SYSTEMS' SYSTEM-OF-SYSTEMS SUPPORTABILITY STUDY 
Thomas W. Lucas, Associate Professor 
Department of Operations Research 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: Assisted the United States Army Training and Doctrine Command Analysis Center (TRAC) 
in supporting an Army Material Systems Analysis Activity (AMSAA)-led study on the number of various 
future combat systems (FCS) vehicles that are necessary to meet supportability metric requirements. 
Specifically, input variable settings for use in combined Army and Support Task Force evaluation model 
(CASTFOREM) simulation runs were recommended. 
 
KEYWORDS: Simulation Experiments, Combat Systems 
 
 
EXPLORING COMMAND AND CONTROL ISSUES IN NETWORKED FORCES 
Thomas W. Lucas, Associate Professor 
Susan Sanchez, Professor 
Department of Operations Research 
Sponsor: U.S. Marine Corps Warfighting Laboratory 
 
OBJECTIVE: To conduct computational experiments to examine how a variety of command and control 
(C2) systems and processes may perform over a breadth of scenarios and conditions. 
 
SUMMARY: Nations around the globe are increasingly using information age technologies to transform 
the tools of warfare and the way in which fighting forces are organized and employed. The ability of 
networked forces to act rapidly and decisively on that information will depend heavily on having the right 
command and control (C2) systems and processes. Of course, what is right will undoubtedly be affected by 
the mission, enemy, terrain, and many more factors - that is, forces will have to adapt to the situation. 
Furthermore, as with all revolutionary changes in military capabilities, there are many lessons to learn. The 
learning process is complicated since a vast number of elements can affect warfare - not the least of which 
are uncertainty (both on the battlefield and about the future) and intangible human factors. To enhance 
understanding of C2 systems in networked forces, researchers continued a multi-year effort to develop 
experimental designs and a supporting infrastructure, and conducted computational experiments on a 




Baird, J.E., Paulo, E.P., Sanchez, S.M., and A.F. Crowder, “Measuring Information Gain in the Objective 
Force,” Military Operations Research, (under revision). 
 
Brown, L.P., Cioppa, T.M., and Lucas, T.W., “Agent-Based Simulations Supporting Military Analysis,” 
PHALANX, 37, No. 3, pp. 29-32, September 2004.  
 
Cioppa, T.M. and Lucas, T.W., “Efficient Nearly Orthogonal and Space-filling Latin Hypercubes,” 
Technometrics, (revised and resubmitted). 
 
Kleijnen, J.P.C., Sanchez, S.M., Lucas, T.W., and Cioppa, T.M., “A User’s Guide to the Brave New World 
of Designing Simulation Experiments,” Institute for Operations Research and the Management Sciences 





Wolf, E.S., Sanchez, S.M., Goerger, N.C., and Brown, L.P., “Using Agents to Model Logistics,” Military 




Allen, T.E., Buss, A.H., and Sanchez, S.M., “Assessing Obstacle Location in the REMUS Unmanned 
Underwater Vehicle,” Proceedings of the 2004 Winter Simulation Conference, R.G. Ingalls, M.D. Rossetti, 
J.S. Smith, and B.A. Peters (Eds.), Piscataway, NJ: Institute of Electrical and Electronic Engineers, pp. 
940-948, 2004. 
 
Cioppa, T.M., Lucas, T.W., and Sanchez, S.M., “Military Applications of Agent-based Simulations,” 
Proceedings of the 2004 Winter Simulation Conference, R.G. Ingalls, M.D. Rossetti, J.S. Smith, and B.A. 




Allen, T.E., Buss, A.H., and Sanchez, S.M., “Assessing Obstacle Location in the REMUS Unmanned 
Underwater Vehicle,” 2004 Winter Simulation Conference, Washington, D.C., December 2004.  
 
Cioppa, T.M., Lucas, T.W., and Sanchez, S.M., “Military Applications of Agent-based Simulation,” 2004 
Winter Simulation Conference, Washington, D.C., December 2004.  
 
Lucas, T.W., “Data Farming: Accidental VV&A,” Military Operations Research Society Symposium, 
Naval Postgraduate School, 22-24 June 2004.  
 
Lucas, T.W. and Cioppa, T.M., “Agent-Based Simulations Supporting Military Analyses,” Institute for 
Operations Research and the Management Sciences (INFORMS) Annual Meeting, Denver, CO, October 
2004.  
 
Raffetto, M., “Unmanned Aerial Vehicle Contributions to Intelligence, Surveillance, and Reconnaissance 
Missions for Expeditionary Operations,” Military Operations Research Society Symposium, Naval 
Postgraduate School, 22-24 June 2004.  
 
Sanchez, S.M., “Simulation Experiments: Past, Present, and Future,” Operations Research Department 
Seminar Series, University of Berkeley, CA, 9 May 2004. 
 
Sanchez, S.M. and Lucas, T.W., “Experimental Design and Analysis in the Data Farming Environment,” 
Project Albert 9th International Workshop, Wellington, New Zealand, November 2004.  
 
Sanchez, S.M. and Lucas, T.W., “Experimental Design and Analysis in the Data Farming Environment,” 
Project Albert 8th International Workshop, Singapore, 18-23 April 2004.  
 
Sanchez, S.M., Lucas, T.W., Widdowson, B., “Data Farming: Accidental VV&A,” Institute for Operations 
Research and the Management Sciences (INFORMS) Annual Meeting, Denver, CO, October 2004.  
 
Sanchez, S.M. and Schwarz, G., “Modeling Peace Support Operations,” Institute for Operations Research 
and the Management Sciences (INFORMS) Annual Meeting, Denver, CO, October 2004.  
 
Steele, M.J., Sanchez, S.M., and Gottfried, R., “Agent-Based Simulation of Unmanned Surface Vehicles: A 
Force in the Fleet,” Military Operations Research Society Symposium, Naval Postgraduate School, 22-24 




Allen, T.E., “An Analysis of the Navigational Accuracy of the REMUS Autonomous Underwater Vehicle,” 





Aydin, M., “An Exploratory Analysis of Village Search Operations,” Master’s Thesis, Naval Postgraduate 
School, June 2004. 
 
Berner, A.B., “The Effective Use of Multiple Unmanned Aerial Vehicles in Surface Search and Control,” 
Master’s Thesis, Naval Postgraduate School, December 2004. 
 
Cason, R.K., “An Analysis of the Use of Unmanned Aerial Vehicles in Small Unit Defensive Operations in 
Urban Environments,” Master’s Thesis, Naval Postgraduate School, September 2004. 
 
Hakola, M.B., “An Exploratory Analysis of Convoy Protection Using Agent-Based Simulation,” Master’s 
Thesis, Naval Postgraduate School, June 2004. 
 
Lindquist, J.P., “An Analysis of Degraded Communications in the Army’s Future Force,” Master’s Thesis, 
Naval Postgraduate School, June 2004.  
 
Milton, R., “Using Agent-based Modeling to Examine the Logistical Chain of the Seabase,” Master’s 
Thesis, Naval Postgraduate School, March 2004. 
 
Raffetto, M., “Unmanned Aerial Vehicle Contributions to Intelligence, Surveillance, and Reconnaissance 
Missions for Expeditionary Operations,” Master’s Thesis, Naval Postgraduate School, September 2004. 
 
Steele, M.J., “Agent-Based Simulation of Unmanned Surface Vehicles: A Force in the Fleet,” Master’s 
Thesis, Naval Postgraduate School, June 2004. 
 
Tan, P., “The Impact of Martial Law on a Representative Iraqi Town,” Master’s Thesis, Naval Postgraduate 
School, December 2004. 
 
KEYWORDS: Modeling and Simulation, Command and Control, Networked Forces, Design of 
Experiments, Agent-based Models 
 
 
THE VALUE OF INFORMATION, MILITARY DECISION-MAKING AND ANALYSIS OF 
COMBAT DATA 
Thomas W. Lucas, Associate Professor 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To attempt to validate models and look for invariant trends in data sets on historical battles. 
Use simple models and exploratory analysis to support decision-making and search for insights on the 
value of information. 
 
SUMMARY: This research explored the validation of Lanchester equations as models of the attrition 
process for the Battle of Kursk in World War II. Also, CAA’s CDB90G data set, which contains about 140 
attributes on nearly 660 land battles was used to investigate which factors, over time, are associated with 
victory. In addition, simple models were used to determine the effects of varying levels of information. 




Lucas, T.W. and Dinges, J.A., “Considering Force Engagement Levels in Fitting Lanchester Equations to 
the Battle of Kursk,” Military Operations Research, 9, No. 2, pp. 17-30, 2004. 
 
Lucas, T.W. and Turkes, T., “Fitting Lanchester Equations to the Battles of Kursk and Ardennes,” Naval 







Haug, K.G, “Using Hughes' Salvo Model to Examine Ship Characteristics in Surface Warfare,” Master’s 
Thesis, Naval Postgraduate School, September 2004. 
 
KEYWORDS: Historical Battle Data, Lanchester Equations, Naval Surface Warfare 
 
 
INTEGRATION OF HOMELAND OPERATION PLANNING SYSTEM (HOPS) INTO THE 
NAVAL POSTGRADUATE SCHOOL HOMELAND SECURITY CURRICULUM 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: Department of Homeland Security 
 
SUMMARY: The Naval Postgraduate School MOVES Institute (Modeling, Virtual Environments and 
Simulation), in partnership with Lawrence Livermore National Labs (LLNL), performed research and 
development to integrate the LLNL homeland operation planning system (HOPS) into the NPS homeland 
security curriculum. HOPS provided a web-based information access and analysis capability supporting 
instructional objectives of the curriculum, as well as promoting faculty and student research endeavors 
addressing the challenges of asymmetric threats, infrastructure vulnerability and protection, multi-agency 
coordination, and information technology. 
 
KEYWORDS: Homeland Operation Planning System, Lawrence Livermore, MOVES Institute 
 
 
NATIONAL MARITIME DOMAIN PROTECTION MODELING AND GAMING LABORATORY 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Worked with the systems engineering and design effort, coordinated with the Naval 
Postgraduate School's current Secure Transaction Battle Lab (STBL) researchers and administrators, and 
obtained needs from major stakeholders to create a national maritime domain protection modeling and 
gaming laboratory. 
 
KEYWORDS: National Maritime Doman Protection, Games, Gaming, Secure Transaction Battle Lab 
 
 
SIGNALS INTELLIGENCE (SIGINT) DATA INFORMATION OVERLOAD 
LTC Saverio Manago, USA, Military Faculty 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To optimize the visual display of information from diverse sources into a comprehensible 
and easily integrated display, which optimizes user interface and allows for the rapid and accurate 
evaluation and comprehension of large and often diverse information from input systems. 
  






HIGH SPEED VESSEL (HSV) MOTION AND FATIGUE ANALYSIS 
Michael E. McCauley, Research Professor 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research 
Sponsors: Naval Sea Systems Command (PMS 501), Naval Surface Warfare Center - Panama City 
 
SUMMARY: Analysis of High Speed Vessel (HSV) motion effects on crew performance. Areas of 
investigation focused on motion sickness incidence of military passengers (troops) and interruption of crew 
job performance by slamming. Dr. Miller investigated possible motion effects on sleep loss.  
 
KEYWORDS: High Speed Vessel, Motion, Fatigue 
 
 
HIGH SPEED VESSEL (HSV) MOTION INDUCED INTERRUPTIONS: A PROBLEM FOR 
HIGH SPEED OPERATIONS? 
Michael E. McCauley, Research Professor 
Department of Operations Research 
Sponsors: Naval Sea Systems Command (PMS 501) and  
Naval Surface Warfare Center - Panama City 
 
SUMMARY: Preliminary data indicated severe slamming and “Motion Induced Interruption” of task 
performance during an Atlantic transit of the High Speed Vessel-2 (HSV-2). This project investigated this 
phenomenon more closely to determine potential operational impacts and the environmental and 
operational conditions that contribute to motion induced interruption (MIIs). 
 
KEYWORDS: High Speed Vessel, Motion, Interruptions 
 
 
HUMAN SYSTEMS INTEGRATION AND AUTOMATION ISSUES IN SMALL UNMANNED 
AERIAL VEHICLES  
Michael E. McCauley, Research Professor 
Department of Operations Research 
Sponsors: Army/National Aeronautics and Space Administration Rotorcraft Division, National 
Aeronautics and Space Administration - Ames Research Center 
 
SUMMARY: Identified key human systems integration (HSI) issues in the operation of Small Unmanned 
Aerial Vehicles (SUAVs), based on observation of operations at Camp Roberts and other sources of 
information. Current systems have a poor manning and logistical load. Recommendations for improvement 




McCauley, E. and Matsagas, P., “Human Systems Integration and Automation Issues in Small Unmanned 
Aerial Vehicles,” Naval Postgraduate School Technical Report, NPS-OR-04-008, October 2004. 
 
KEYWORDS: AUVs, Unmanned Aerial Vehicles, Human Systems Integration, Automation 
 
 
MOTION IN ARMY ROTORCRAFT SIMULATION AND TRAINING 
Michael E. McCauley, Research Professor 
Department of Operations Research 
Sponsor: Army Research Institute, Rotary Wing Aviation Research Unit 
 
SUMMARY: Literature review of the scientific evidence for and against motion bases in flight simulators. 
Similar analyses included review of a proposed research plan for the investigation of the effectiveness of 





KEYWORDS: Rotorcraft, Motion Platforms, Training 
 
 
PROCESS TRACKING OF INFORMATION IN A FUTURE COMBAT SYSTEM COMMAND 
AND CONTROL (FCS C2) ENVIRONMENT 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: Provided support to the Defense Advanced Research Projects Agency (DARPA) future 
combat system command and control environment (FCS C2) experiment team to assist them in their 
analysis of describing the flow of data elements through the C2 system.  
 
KEYWORDS: Process Tracking, FCS C2, DARPA 
 
 
PROCESS TRACKING OF INFORMATION FLOW IN A FUTURE COMBAT SYSTEM 
COMMAND AND CONTROL (FCS C2) ENVIRONMENT 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: Applied cognitive and behavioral research methodologies in the analysis of situation 
awareness within a future combat system command and control environment (FCS C2). The team members 
designed data collection methods, led the data collection effort for human situation awareness, and 
analyzed data collected from both technological and human systems. Personnel provided support to the 
Defense Advanced Research Projects Agency (DARPA) FCS C2 experiment team to integrate the situation 
awareness data into the larger data analysis effort. 
 
KEYWORDS: Process Tracking, FCS C2, DARPA 
 
 
TRACKING THE FLOW OF INFORMATION IN A DYNAMIC COMMAND AND CONTROL  
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Army Research Laboratory 
 
SUMMARY: Continued the development of the dynamic model of situated cognition and associated 
metrics. The model, developed by Miller and Shattuck in 2002, is an innovative approach in which 
technological and human components of complex systems are combined. This model facilitates the analysis 
of system activities as data flow. 
 
KEYWORDS: Dynamic Command and Control, Information Control 
 
 
UNITED STATES MILITARY ACADEMY CADET SLEEP STUDY 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: U.S. Military Academy 
 
SUMMARY: Examined the sleep patterns of U.S. Military Academy cadets during their course of training 
and study at the United States Military Academy. This effort was the first year of a four-year longitudinal 
study that examines sleep in this adolescent and young adult population. 
 




UV AND NETWORK EXPERIMENTATION 
Nita L. Miller, Research Assistant Professor 
Department of Operations Research  
Sponsor: Naval Postgraduate School 
 
 
DEPARTMENT OF THE NAVY COST AND ANALYSIS (DE/A) COMMUNITY STUDY 
Daniel Nussbaum, Visiting Professor 
Department of Operations Research 
Sponsor: Office of the Assistant Secretary of the Navy 
 
 
KNOWLEDGE MANAGEMENT STUDY 
Daniel Nussbaum, Visiting Professor 
Department of Operations Research 
Sponsor: Naval Engineering Logistics Office  
 
OBJECTIVE: To develop a community/demographic study of the Defense Estimating and Analysis 
community. 
 
KEYWORDS: DE/A, Cost Analysis 
 
 
DYNAMIC RE-ALLOCATION OF STRIKE ASSETS 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Space and Naval Warfare Systems Command (SPAWAR)-San Diego is developing the 
Real-Time Execution Decision Support System (REDS). Within the system, SPAWAR envisions a 
mathematical model for composing strike packages from available assets and allocating those packages to 
targets.  
 
KEYWORDS: Dynamic Reallocation, Strike Assets 
 
 
DYNAMIC RE-ALLOCATION OF STRIKE ASSETS 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Office of Naval Research 
 
SUMMARY: The Space and Naval Warfare Systems Command (SPAWAR) is developing the Real-Time 
Execution Decision Support System (REDS). Within the system, SPAWAR envisions a mathematical 
model for composing strike packages from available assets and allocating those packages to targets. This 
research  continued a Naval Postgraduate School (NPS) research project in support of SPAWAR. Previous 
research resulted in the development of integer programming optimization models that can be used for 
designing and assigning strike packages in both static and dynamic contexts. These models contain a 
persistence feature to encourage optimal solutions to conform to recommendations made in previous runs 
of the model. Subsequent work will focus on tactical evaluation of the models, speeding up solution times, 
and developing new features to add more modeling realism as identified by the tactical evaluation. 
 






MEDICAL MODELING FOR THE ARMY 
Richard E. Rosenthal, Professor 
Moshe Kress, Professor 
Department of Operations Research 
Sponsor: MCSS-GSS 
 
SUMMARY: Provided medical modeling for the Army. 
 
KEYWORDS: Medical, Army 
 
 
OPTIMIZING TOMAHAWK LAND ATTACK PREDESIGNATION 
Richard E. Rosenthal, Professor 
Department of Operations Research 
Sponsor: Naval Surface Warfare Center - Dahlgren Division 
 
SUMMARY: Continued to improve the design, development and testing of procedures with which the 
U.S. Navy fleet can allocate targets requiring land-attack missiles to specific surface ships and submarines. 
The objective was to meet the tasking requirements as closely as possible, while simultaneously 
considering factors such as retaining maximal follow-on firing capability and leveling missile allocation 
across designated platforms. In previous years of this project, heuristic optimization methods were 
developed to accurately represent and solve decision problems faced by Tomahawk strike coordinators at 
the ship, battle-group or theater level. These methods were tested and their implementation in the fleet is in 
progress. In the proposed research, exact optimization methods and their employment for generating 
pareto-optimal surfaces for the multi-objective problem were explored. 
 
 
OPTIMIZING ELECTRIC GRID DESIGN UNDER ASYMMETRIC THREAT 
Javier Salmeron, Research Assistant Professor 
Department of Operations Research 
Sponsor: Department of Homeland Security 
 
SUMMARY: Extended the research initiated in fiscal year 2002 to develop mathematical models and 
optimization techniques for improving the security of electrical power grids in the U.S. that are subject to 
terrorist attacks and natural disasters. This work refined and extended recently developed models and 
algorithms that can identify critical system components, which may include transmission lines, generators, 
transformers, etc. In particular, researchers developed models with time-phased repairs for a more accurate 
representation of the cost of disruptions, studied various solution techniques for solving the models, and 
extended the models for optimal retrofit or expansion of existing systems to maximize security, subject to 




DETAILED LOGISTICS MODELING 
David A. Schrady, Distinguished Professor 
Department of Operations Research 
Matthew Boensel, Lecturer 
Department of Systems Engineering 
Sponsor: Office of the Chief of Naval Operations, Assessment Division, N81 
 
OBJECTIVE: To conduct detailed logistics modeling support to the Chief of Naval Operations (OPNAV) 
staff through the Director, Assessment Division (N81). The Naval Postgraduate School (NPS) will conduct 
analysis of logistics, sea basing and other related phenomena that have an effect on the capabilities outlined 
in Sea Power 21. The data and results will be made available for future use by N81/N00X to support quick 





SUMMARY: JELO is an Excel spreadsheet model of joint expeditionary logistics operations and allows 
end-to-end analysis of the options for closing forces from the continental U.S. (CONUS), through the sea 
base, to objectives ashore. Sustainment operations are included. The model is flexible and, while the 
examples in the report involve the 2015 Marine Expeditionary Brigade, all model parameters may be user 
specified. The Maritime Prepositioning Force (Future) (MPF[F]) is the subject of current discussion and 
analysis to determine what its capabilities and capacities need to be. Additionally, there are potentially 
other platforms to build in order to make Sea Basing a reality – high-speed connectors, assault connectors, 
and rapid strategic lift ships. JELO can be of use in evaluating the alternatives. The research was briefed to 
N81 staff in September 2004 and a final report was submitted in October 2004.  
 
KEYWORDS: Sea Basing, Logistics, Expeditionary Warfare 
 
 
EXACT CONDITIONAL ASYMPTOTICS OF LARGE DEVIATIONS IN R^D 
Roberto Szechtman, Assistant Professor 
Department of Operations Research  
Sponsor: Naval Postgraduate School 
 






Alan R. Washburn, Professor 
Department of Operations Research 
Sponsor: Naval Supply Systems Command  
 
SUMMARY: The primary goal was to develop and deliver an optimization-based ordnance programming 
decision support model that provides the most effective Department of the Navy combat capability, as 
measured by degree of achievement of non-nuclear ordance requirements (NNOR) inventory levers. 
Ordnance programming recommendations were constrained by industrial base capacity and capability, and 
included time-phased recommendations on how much funding should be provided to the various ordnance 
units. 
 AIM's inputs included present stockpiles of complete weapons and contracted deliveries. The model 
achieved an equitable distribution of funding over weapon types, with “equity” being measured in a tiered 
system that depends on the four NNOR requirements categories: total training requirement (TTR), current 
operations/forward presence requirements (CO/FPR), combat requirement (CR), and strategic reserve 
requirement (SRR). These four categories can be mapped onto other categories such as initial response, 
surge, sustainment and reconstitution. 
 Only complete weapons were considered in the initial version of AIM. Technology insertion and parts 




Alan R. Washburn, Professor 
Department of Operations Research 
Sponsor: TRADOC Analysis Command 
 
 
INTEGRATED MECHANICAL DIAGNOSTICS HEALTH AND USAGE MANAGEMENT 
SYSTEM (IMD HUMS) MECHANICAL DIAGNOSTICS 
Lyn R. Whitaker, Associate Professor 
Department of Operations Research 





MEASURING THE EFFECTIVENESS OF TECHNICAL SERVICES 
Lyn R. Whitaker, Associate Professor 
Samuel E. Buttrey, Associate Professor 
Robert A. Koyak, Associate Professor 
Department of Operations Research 
Sponsor: Naval Air Systems Command  
 
 
MEASURING THE EFFECTIVENESS OF TECHNICAL SERVICES 
Lyn R. Whitaker, Associate Professor 
Samuel E. Buttrey, Associate Professor  
Robert A. Koyak, Associate Professor 
Department of Operations Research 
Sponsor: Naval Air Technical Data and Engineering Service Command  
 
SUMMARY: Performed a study comparing technical representative usage of E2 squadrons at Pt. Mugu, 
California, and Norfolk, Virginia. This initial investigation laid the foundation for developing a service 
utilization model which would be used to set priorities for disseminating technical services. 
 
 
NAVAL POSTGRADUATE SCHOOL (NPS) STATISTICAL SUPPORT FOR YUMA TEST 
CENTER 
Lyn R. Whitaker, Associate Professor 
Department of Operations Research 
Sponsor: Yuma Proving Ground 
 
SUMMARY: Provided statistical support for the U.S. Army Yuma Test Center involving its testing of 
sighting systems used in Army helicopters. Research encompassed statistical modeling of data obtained 
from testing of these sighting systems. 
 
 
TECHNICAL SUPPORT FOR OPERATIONS RESEARCH, MODELING AND SIMULATION 
R. Kevin Wood, Professor 
L. Williams, Research Assistant Professor 
W. Matthew Carlyle, Associate Professor 
Department of Operations Research 
Sponsor: National Security Agency 
 
SUMMARY: Provided technical advice and education to SL-2 staff, provided oversight and review for 
staff projects and contractor projects, developed optimization and simulation models, provided support for 
Naval Postgraduate School (NPS) student thesis tours to the National Security Agency (NSA) and provided 
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The Department of Electrical and Computer Engineering (ECE) has a broad research program, reflecting 
the variety of skills and interests of the faculty. ECE faculty research projects are supported by systems 
commands, warfare centers, the services, basic research agencies, other universities, and industry. These 
research projects can be grouped into ten major research thrust areas that support the curricula serviced by 
the Department as well as the several Department of Defense (DoD) Plans. Unique to the Department and 
the Naval Postgraduate School is the ability of faculty and students to perform military relevant classified 
research at all levels. The Department’s research program ensures that our graduate students will have a 
creative and meaningful thesis experience, that our curricula and courses will remain at the cutting edge, 
that we can recruit and retain quality faculty, and that we can provide our sponsors with cutting edge 





 Electronic Systems Engineering 
 Information Warfare 
 Electronic Warfare 
 Space Systems Operations 
 Space Systems Engineering 
 Undersea Warfare 
 Joint C4I Systems 
 Information Technology Management 





 Master of Science in Electrical Engineering 
 Master of Science in Engineering Science 
 Electrical Engineer 





 Communication Systems: 
Professor Tri Ha, Professor R. Clark Robertson 
 Communication Networks: 
Assistant Professor John McEachen, Professor Murali Tummala, Military Assistant Professor 
Robert Ives, Associate Professor Xiaoping Yun 
 Computer/Information Systems: 
Professor Jon Butler, Associate Professor Douglas Fouts, Professor Herschel Loomis, Visiting 
Instructor Randy Wight 
 Electromagnetic Systems: 
Professor Jeffrey Knorr, Research Associate Professor Richard Adler, Associate Professor David 
Jenn, Professor Michael Morgan, Research Associate Andrew Parker, Research Associate 
Professor Ray Vincent, Visiting Associate Professor Jovan Lebaric 
 Infra-Red and Electro-Optics: 
Distinguished Professor John Powers, Professor Phillip Pace, Visiting Associate Professor Ron 
Pieper 
 Guidance, Control and Navigation Systems: 
Associate Professor Roberto Cristi, Associate Professor Gary Hutchins, Associate Professor 
Xiaoping Yun 
 




 Power Electronics, Electric Machines and Distribution: 
Associate Professor Robert Ashton, Associate Professor John Ciezki 
 Radar, Surveillance and Information Warfare Systems: 
Professor Jeffrey Knorr, Professor Phillip Pace, Research Associate Professor Lonnie Wilson, 
Professor R. Clark Robertson 
 Signal Processing/Acoustic Systems: 
Associate Professor Roberto Cristi, Associate Professor Monique Fargues, Associate Professor 
Ralph Hippenstiel, Professor Charles Therrien, Professor Murali Tummala, Professor Lawrence 
Ziomek 
 Signals Intelligence/Space Systems: 
Associate Professor Douglas Fouts, Professor Tri Ha, Associate Professor Ralph Hippenstiel, 
Professor Herschel Loomis, Assistant Professor John McEachen, Associate Professor Sherif 
Michael, Assistant Professor Todd Weatherford 
 Solid State Microelectronics: 






 Signal Enhancement Lab 
 Power Electronics Lab 
 Digital Signal Processing Lab 
 Electronics (Analog VLSI/Radiation Hardening) Lab 
 Electronic Warfare Lab 
 Electromagnetic Lab 
 Optical Electronics Lab 
 Robotics Lab 
 Advanced Networking Lab 
 VLSI Lab 





 Center for Electronic Warfare Simulation and Modeling 
 Center for Reconnaissance Research 
 Center for Signal Processing 
 Cryptologic Research Center 





 National Security Agency Cryptologic Chair 
 
 














RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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ACTIVE WAVEBOOSTER FOR SUBSURFACE APPLICATIONS 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To develop and deliver an active ultra-wideband antenna subsystem with integrated 
electronics for increased range on transmit, maximum power efficiency and reliability, increased sensitivity 
on receive, cable loss elimination and minimum weight. 
 
SUMMARY: This system was designed to address the performance-limiting factors of limited power and 
significant cable loss, which limit receive to signals at close proximity, due to attenuation in the cable. The 
duration of deployment below the sea surface can make antenna maintenance on-mission difficult, so 
developing a high reliability solution was a major focus of this effort. Via the use of a hermetically sealed 
radome, the WaveBooster minimizes heat dissipation and maintains performance under challenging 
conditions. The WaveBooster subsystem was developed and validated, meeting the technical and 
mechanical specifications to provide the aforementioned performance benefits. 
 
KEYWORDS: Antennas, Amplifiers, Ultrawideband 
 
 
CONCEALED WEAPONS DETECTION FOR FIELD APPLICATIONS 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Center for Defense Technology and Education for the Military Services (CDTEMS), Naval 
Postgraduate School 
 
OBJECTIVE: To develop and validate an omni-directional ultrawideband antenna subsystem for Joint 
Tactical Radio System (JTRS) use on ground vehicles. 
 
SUMMARY: The development was focused on Rf-based ultrawideband concealed weapons detection 
system adaptation for enhanced mobility and ruggedness in field-testing. The development has worked 
within a number of environmental considerations that affect the hardware and algorithm design, relating to 
the need for signal strength (gain), directionality to the target, system portability and ruggedness. 
Challenges included multi-path, reflection, the distance between the source and the reflector, and objects in 
the surrounding environment. Along with the configuration and algorithm development stages, a series of 
measurements were conducted in varying indoor and outdoor environments (from open space to cluttered-
indoor) validating the detection capability from any weapon position at extended distances. 
 
KEYWORDS: Concealed Weapons, Ultrawideband, Radio-Frequency 
 
 
CONCEALED WEAPONS DETECTION FOR HOMELAND SECURITY, PH III 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: U.S. Department of Justice 
 
OBJECTIVE: To improve configuration and evaluation of detection methods via mathematical and 
statistical signal processing, and a series of system measurements for a concealed weapons detection 
system based on the analysis of ultrawideband (UWB) radio-frequency (Rf) signals. 
 
SUMMARY: The system was tested and analyzed with a number of algorithms, in which the comparisons 
of armed and unarmed results from different subjects, weapons, and positioning were evaluated, and a 
method was selected based on this. A large number of measurements were conducted under various 




approaches, with different combinations of distances (at half-meter increments), weapon position (forward, 
behind-the-back, etc.) orientation towards the system, location and weapon type. The use of UWB 
technology provided higher bandwidth, low power, low probability of intercept and detection (LPI/D) and 
high anti-jam immunity. Measurements confirmed detection capability from any weapon position at 
extended distances. 
 
THESIS DIRECTED:  
 
Stefanski, P., “Implementation of Ultra-Wideband Technology for Concealed Weapons Detection in 
Homeland Security and Military Applications,” Master’s Thesis, Naval Postgraduate School, June 2004 
 
KEYWORDS: Radio-Frequency, Weapons Detection, Ultrawideband 
 
 
DIRECT-EXCITATION HIGH-POWER WAVEDRIVER FOR SUBMARINE APPLICATIONS 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To provide a high-power, direct-excitation WaveDriver subsystem for submarine platforms. 
 
SUMMARY: This project will deliver an ultrawideband direct-excitation antenna subsystem using a 
unique feed approach balancing power output and bandwidth, to provide improved signal range. The 
project is ongoing at the time of writing (February 2005). The delivered unit will maximize both bandwidth 
and output power, while conforming to the sponsor-specified interior dimensions of a particular submarine 
radome. Along with the unit itself, the work will include conducting validation of S11/VSWR versus 
frequency and the peak gain versus frequency at both the Microwave Lab and on-location support of 
validation at the test facility of the sponsor’s choice. 
 
KEYWORDS: Antennas, Ultrawideband, Submarines 
 
 
DIRECT-EXCITATION (DEX) WAVEDRIVERS FOR SUBMARINE APPLICATIONS 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Undersea Warfare Center 
 
OBJECTIVE: To develop and deliver an antenna subsystem with high bandwidth and compact size for 
subsurface applications.  
 
SUMMARY: An ultrawideband directional antenna subsystem was developed, validated and delivered for 
the sponsor’s test and platform install. This was the first WaveDriver subsystem to operate in either 
transmit or receive mode at frequencies up to 18 GHz. The use of SMA connectors enabled operation at 
higher frequencies, and the design was optimized to fit the restricted space available in the radome, while 
still meeting the frequency range requirements. Performance measurements, including gain pattern, peak 
gain and voltage standing wave ratio (VSWR), were conducted at the sponsor’s test facility and met or 
improved upon computer predictions. 
 
KEYWORDS: Antennas, Ultrawideband, Submarines 
 
 




INTERFERENCE AND NOISE MEASUREMENTS IN PORTIONS OF THE RADIO SPECTRUM 
Richard W. Adler, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Science Foundation 
 
OBJECTIVE: Evaluate the use and occupancy of wireless communication bands and measured the noise 
and interference levels in selected bands at selected locations. The information gathered will allow the 
National Science Foundation and the Federal Communications Commission to manage the civil use of the 
radio spectrum in the United States. 
 
 
OMNIDIRECTIONAL ANTENNA FOR DIRECTION-FINDING 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To develop and deliver a reference antenna subsystem for use in direction-finding.  
 
SUMMARY: The development performance requirements included maximum gain in the azimuth plane, 
ultrawideband frequency range and scalability to the space available on different platforms. Conventional 
technologies lead to decreased received power when frequency increases. This development provided 
constant power, much higher gain in the azimuth plane, as well greater bandwidth and operating range for 
both transmit and receive. The reference subsystem, including units of varying size, was developed and 
validated both at third-party facilities and in operational use, confirming that performance met or improved 
upon the predicted data. A U.S. Patent and Trade Office (USPTO) patent application was submitted. 
 
KEYWORDS: Antennas, Direction-Finding, Omnidirectional 
 
 
TWO-PORT DIRECT-EXCITATION WAVEDRIVER FOR SUBSURFACE APPLICATIONS 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To provide a high-bandwidth omni-polarization direct-excitation WaveDriver subsystem 
for submarine platforms. 
 
SUMMARY: This project will deliver a transmit/receive subsystem using a unique feed approach to 
provide broadband WaveDriver performance and omni-polarization capability, to enhance the Navy’s 
signal collection and transmit capabilities. This will provide the capability to receive and transmit at 
arbitrary polarization over an ultra-wide frequency range and with high gain bandwidth, while conforming 
to the sponsor-specified interior dimensions of a particular submarine radome. The project is ongoing at the 
time of writing (February of 2005). Along with the unit itself, the work will include conducting validation 
of S11/VSWR versus frequency and the peak gain versus frequency at both the Microwave Lab and on-
location support of validation at the test facility of the sponsor’s choice.  
 
KEYWORDS: Antennas, Ultrawideband, Submarines 
 
 




ULTRAWIDEBAND ANTENNA AND COMMUNICATIONS BRIEF 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To summarize and present the state-of-the-art antenna and communications technology of 
interest to the SSEE, Inc. F Program. 
 
SUMMARY: Prepared and presented a brief at the SSEE, Inc. F Program meeting in Charleston, South 
Carolina. A summary of the current and emerging technologies was presented, including an overview of 




Lebaric, J., “Antenna and Communications Technology of Relevance to the SSEE Increment F Program,” 
SSEE, Inc. F Bidders Meeting, Charleston, SC, December 2004.  
 
KEYWORDS: Antennas, Communications, Shipboard 
 
 
ULTRAWIDEBAND DIRECT-EXCITATION FOR SUBMARINE APPLICATIONS 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To develop and deliver a light-weight, minimum height direct-excitation antenna subsystem 
with ultrawideband frequency range.  
 
SUMMARY: This development is ongoing. The technology is based on the Direct Excitation (DEX) 
approach, which provides the widest possible bandwidth, ideally equal to the bandwidth of the 
receptacle/connector. The low cutoff frequency is determined predominantly by height, while the boresite 
(peak) gain at a given frequency is predominantly determined by diameter. Along with the development 
itself, tasks include conducting validation of S11/VSWR versus frequency and the peak gain versus 
frequency. The subsystem enabled extremely wide bandwidth, high-gain, improved range transmit and 
receive from the limited space available in the radome on-platform.  
 
KEYWORDS: Antennas, Ultrawideband, Submarines 
 
 
ULTRAWIDEBAND OMNIDIRECTIONAL VEHICLE-MOUNTED ANTENNAS FOR THE 
JOINT-TACTICAL RADIO SYSTEM (JTRS) 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Marine Corps Systems Command 
 
OBJECTIVE: To develop and validate an omni-directional ultrawideband antenna subsystem for Joint-
Tactical Radio System (JTRS) use on ground vehicles. 
 
SUMMARY: The development involved extensive computer-based modeling and simulation carried out at 
the Naval Postgraduate School (NPS) using state-of-the-art computational electromagnetics software. A 
primary focus was to develop a rugged structure that can withstand shock, vibration, and shrapnel, while 
having compact size (height and weight), and offering support of field use for the Joint Tactical Radio 
System. The lower frequency range was extended while maintaining the required performance and meeting 




the mechanical specifications. The system was developed in 2004, with validation to be conducted at the 
sponsor’s facility and operational test on the Humvee ground vehicle platform. 
 
THESIS DIRECTED:  
 
Xu, J., “Ultrawideband Omnidirectional JTRS UHF Antenna,” Master’s Thesis, Naval Postgraduate 
School, June 2005 
 
KEYWORDS: Antennas, Ultrawideband, Ground Vehicles 
 
 
WAVEBLADE VALIDATION SUPPORT 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To optimize and validate the WaveBlade at SSC San Diego, for performance and durability 
under shock and vibration conditions. 
 
SUMMARY: Provided on-site and remote analysis for the WaveBlade optimization in support of 
shipboard trials and operational use in the 30 MHz to 8GHz frequency range. The effort included extensive 
modeling and simulation carried out at the Naval Postgraduate School (NPS) using state-of-the-art 
computational electromagnetics software. The NPS team advised on the construction, durability, structure 
and test configuration. The WaveBlade and radome were verified prior to the shock and vibration test. The 
WaveBlade was successfully tested and support was provided in the measurement results evaluation.  
 
KEYWORDS: Antennas, Ultrawideband, Shipboard 
 
 
WAVEDRIVER ANTENNA ARRAY FOR DIRECTION-FINDING 
Richard W. Adler, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To develop and deliver a light-weight, minimum height direction-finding array with 
ultrawideband frequency range.  
 
SUMMARY: Developed, validated and delivered an ultrawideband circular array for direction-finding 
applications, designed with the direct-excitation (DEX) approach and SMA connectors for maximum 
bandwidth. The resulting array can be optimized for use with either single-channel or multi-channel digital 
receivers, is 100% un-ambiguous in azimuth and provides excellent articulation for the volume, fitting 
within the dimensions of the BRD-7 radome (~22” tall and 15.5” in diameter). Performance met or 
improved upon predictions, based on SPAWAR Systems Center Charleston measurements, and was 
competitive with or outperformed that of larger arrays. The array technology can be applied onboard 
surface or subsurface platforms.  
 
KEYWORDS: Direction-Finding, Antennas, Ultrawideband 
 
 




CONTROLLER DEVELOPMENT FOR A 625KW MULTI-MODULE FUEL CELL POWER 
CONVERTER 
Robert William Ashton, Associate Professor  
Alexander L. Julian, Assistant Professor  
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center 
 
OBJECTIVE: To embed a group of field programmable gate array (FPGA)-based control cards in a multi-
module power converter used to convert fuel cell power to three-phase AC power. The FPGA control cards 
will communicate with each other in a ring. Each FPGA control card will receive analog input signals 
(measured currents and voltages) and digital input signals (serial communications and system faults). Each 
FPGA control card will output gate signals to control solid-state power modules and serial 
communications. The ring of FPGA control cards will report to a system FPGA control card that will 
perform system level control, which will include the output AC voltage amplitude and frequency. The 
brass-board demonstration of this project will include a commercial FPGA development board attached to a 
purpose built interface card. 
 
SUMMARY: Commercial FPGA development boards with an interface circuit board connected to each 
were provided. The interface circuit board electrically/mechanically interfaced to the existing hardware 
(sensors, gate drives, etc.). Nine controllers plus one spare were delivered for a total of ten controllers. An 
RS232 interface to a personal computer (PC) from the communications ring was provided. This was done 
from the system controller card. The PC software was provided but not the PC. Design documentation 
generated during the development was provided. No additional documentation beyond what was essential 
for the design process was created because of the project schedule. The documentation can be expanded 
during future work on this project. Additionally, the Principle Investigator attended technical meetings as 
required and provided monthly status reports. Travel to Naval Surface Warfare Center, Carderock 
(CDNSWC-SSES), Philadelphia, and other locations specified by CDNSWC-SSES, was required to 




Ashton, R. and Julian, A., “Fuel Cell Converter Strategy,” Quarterly Universal Controller Planning 
Meeting, Naval Surface Warfare Center - Carderock, Philadelphia, PA, 7 December 2004, (invited). 
 
 
DDX PROPULSION MOTOR AND DRIVE INTEGRATED PRODUCT TEAM SUPPORT  
Robert William Ashton, Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center 
 
OBJECTIVE:  To have the Naval Postgraduate School assist in the Permanent-magnet Propulsion 
Motor System (PMMS) Integrated Product Team (IPT) activities for the remainder of FY04. This will 
require that the Principle Investigator (PI) fulfill several tasks: participate in weekly telephone conferences 
relating to PMMS manufacturing progress, and issues related to the design and manufacturing already 
underway; review documents supplied by the PMMS vendor relating to the design and manufacture of the 
equipment; and provide analysis of the control methods to be employed in the motor drive. In preparation 
for future testing, the PI will also provide assistance in the development of test plans and procedures 
necessary for testing the PMMS hardware upon receipt in FY05, and will provide general guidance and 
insight on matters pertinent to the PMMS and Integrated Power System (IPS). 
 
SUMMARY: The PI at the Naval Postgraduate School provided technical support to Naval Surface 
Warfare Center (NSWC)/Philadelphia to accomplish the above objectives. The PI was responsible for an 
end-of-year final technical report and periodic updates on individual contributions. This project has not 
been completed and will continue in calendar year 2005. 
 




CONFERENCE PUBLICATIONS:  
 
Ashton, R.W. and Ciezki, J.G, “Efficiency and EMI Comparisons Between Prototyped 8kW Hard and Soft 
Switched Buck Choppers,” Applied Power Electronic Conference, Austin, TX, 6-10 March 2005, 
(accepted). 
 
Ashton, R.W., Fikse, T.H., Sullivan, J.R., and Ly, T.N., “Common Commercial-Off-the-Shelf High Power 
Electronic Modules for Naval Applications,” American Society of Naval Engineers, ASNE 
Reconfiguration and Survivability Symposium 2005, Jacksonville, FL, 16-18 February 2005, (accepted). 
 
Hiller, N., Yuen, J., Fikse, T.H, and Ashton, R.W., “Experience Gained from a Decade of DC Zonal 
Electric Distribution System (DC ZEDS) Testing,” American Society of Naval Engineers, ASNE 




Barlow, J.L., “Hardware In-the-Loop Control of a Cascaded Multi-Level Converter,” Master’s Thesis, 
Naval Postgraduate School, June 2004. 
 
White, T.H., “A Three-Phase Hybrid Inverter System Utilizing Hysteresis Control,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
 
DEFINING CONTROL STRATEGIES FOR THE MULTI-FUNCTIONAL PROGRAMMABLE 
MODULE WITHIN THE POWER NODE CONTROL CENTER 
Robert William Ashton, Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Office of Naval Research via Naval Surface Warfare Center 
 
OBJECTIVE: To evaluate various control strategies for the Multi-Functional Programmable Module 
(MFPM) within the Power Node Control Center (PNCC). A determination will be made between 
delineation and function of the high-level controller versus the resident module-controller. The level, 
extent, function and division of control for the PNCC as a whole will be examined. 
 
SUMMARY: The principle investigator (PI) at the Naval Postgraduate School provided technical support 
to Naval Surface Warfare Center (NSWC)/Philadelphia to accomplish the above objective. The PI was 
responsible for an end-of-year final technical report and periodic updates on individual contributions. This 
report has not yet been published by the sponsor. 
 
 
PERFORMANCE ANALYSIS OF THE DIFFERENTIAL SERVICES ARCHITECTURE IN 
PROVIDING QUALITY OF SERVICE FOR THE AUTOMATED DIGITAL NETWORK 
SYSTEM 
LCDR Dean Barsaleau, USN 
Department of Electrical and Computer Engineering 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Explored the quality of service (QOS) architectures, mechanisms and protocols proposed for 
implementation in the U.S. Navy's Automated Digital Network System (ADNS), focusing on differentiated 
services and the issues involved in implementing this architecture into ADNS. The goal of this research 
was to determine the actual performance of this architecture in providing guaranteed QOS for different 








UNDERWATER WARHEAD TECHNOLOGY BASIC INVESTIGATION OF REACTIVE 
MATERIAL JETTING 
Ronald E. Brown, Research Professor 
Department of Physics 
Donald v. Z. Wadsworth, Senior Lecturer 
Space Systems Academic Group and Department of Electrical and Computer Engineering  
Sponsor: Office of Naval Research 
 
OBJECTIVE: To model the kinetic and chemical processes of hydro-reactive jet streams, and to develop 
predictive techniques for studying the effects of reaction on bubble formation and potential pressure 
loading against submerged structures.  
 
SUMMARY: The potential of enhancing the terminal effectiveness of a shaped charge jet using reactive 
liner materials has been predicted based on a computational investigation. This investigation is based on 
previously observed indications of reactive combustion of aluminum and intermetallic jets in water. A 
computational model was developed and implemented in a finite difference code to simulate the 
exothermic reaction about the erosion front of jets during hydrodynamic impact and penetration into 
submerged structures. The additional energy released during the impact of a reactive penetrator increases 
plastic work and thermal weakening in a target. As a result hole size and penetration depth can increase by 
substantial margins over that from kinetic energy deposition alone. It is also shown that energy coupling is 
critically dependent on reaction rate: That is, reaction rate must match or nearly match penetration rate. The 
effects of the direct normal impact of 4 km/sec aluminum rods against submerged steel plates of various 
thicknesses, and thin plates laterally positioned from the flow direction were also estimated. 
 Experiments recommended during these investigations are scheduled to be performed at the University 




Brown, R.E., “Underwater Warhead Technology Basic Investigation of Reactive Material Jetting,” Naval 
Postgraduate School, Annual Report RPHCB-AR-1reb, Office of Naval Research Contract 




Glosby, L., “Overview of Shaped Charge Research at NPS,” Office of Naval Research (ONR) Graduate 
Student Research Conference, Naval Undersea Warfare Center, Newport, RI, June 2004. 
 
THESIS DIRECTED:  
 
Glosby, L., “Underwater Warhead Technology: Potential of Hydro-Reactive Jet Penetration,” Master’s 
Thesis, Naval Postgraduate School, December 2004. 
 
KEYWORDS: Computational Fluid Dynamics, CFD, Finite Difference, Hypervelocity Impact, 
Hydrodynamic Penetration, Aluminum Combustion, Shaped Charge 
 
 
OPTIMAL DISTRIBUTED PREDICTION AND ESTIMATION WITH APPLICATION TO 
ADAPTIVE OPTICS CONTROL 
Roberto Cristi, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Research Laboratories 
 
OBJECTIVE: To perform a preliminary study of a decentralized control for adaptive optics in an array of 
telescopes, to compensate for atmospheric distortion. 
 




SUMMARY: This project addresses the problem of distributed control of an adaptive optics system, which 
involves a number of telescopes. The particular problem of interest is the fact that the observations from 
each telescope are perturbed by partially predictable atmospheric effects and fully predictable geometric 
distortions. 
 Although the problem is standard from the mathematical viewpoint, what makes it challenging is the 
fact that the compensation at each telescope is made by optical mirrors that are mechanically controlled. 
Therefore, the control has to be optimal in the sense that it has to minimize the energy required by the 
controller. Furthermore, the requirement of compensating the phase of the waveform at each telescope and 
at the same time align all phases of the arrays calls for a distributed control technique. 
 This project was the seed for a research proposal to the National Reconnaissance Office Director’s 
Innovation Initiative (DII). 
 This project resulted in one conference paper (jointly with a student and the sponsor), which was 
presented at the SPIE Astronomical Telescopes and Instrumentation Conference in Glasgow, the United 
Kingdom, in June 2004. 
 
 
F/A-18 C/D AVIONICS ARCHITECTURE STUDY 
Russell Duren, Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Air Warfare Center - Weapons Division 
 
SUMMARY: Worked with F/A-18 Advanced Weapons Laboratory personnel on a continuing a system-
wide assessment and upgrade of the F/A-18 C/D avionics system, performed feasibility studies and assisted 
in implementation of improvements to the mission computer operational flight program.  
 
KEYWORDS: F/A-18 C/D Avionics, Computer Operational Flight 
 
 
FACE RECOGNITION USING UNCOOLED INFRARED (IR) IMAGING  
Monique P. Fargues, Associate Professor  
Department of Electrical and Computer Engineering  
Gamani Karunasiri, Associate Professor 
Department of Physics  
Sponsor: Unfunded 
 
OBJECTIVE: To investigate whether uncooled infrared (IR) imaging data can be used for face 
recognition applications and compared various classifier types. 
 
SUMMARY: Infrared imaging devices offer the main advantage of being robust to ambient illumination 
changes and recent technological advances have significantly improved the resolution of cheaper uncooled 
infrared (IR) versions to the point where they are starting to become widely applicable in the IR face 
recognition field. First, this study extended the size of the database started under a previous study to 50 
subjects. Next, it applied two linear classification schemes; the Principal Component Analysis and the 
Fisherface procedure to the recognition of faces collected using a low resolution uncooled IR camera under 
indoor controlled conditions. Results showed the selected uncooled IR camera has sufficient resolution to 
allow for discrimination between the subjects contained in the experimental database collected and that best 
linear classification performances are obtained for the LDA-based scheme. Finally, this study investigated 
the applications of nonlinear kernel-based classifiers to the face recognition problem. Results showed 




Pereira, D., Fargues, M.P., and Karunasiri, G., “Investigation of Uncooled Infrared Imagery for Face 
Recognition,” Optical Engineering (OE), August 2004, (submitted). 
 






Lee, C.K., Fargues, M.P., and Karunasiri G., “Investigations of Linear Classifiers Applied to Uncooled 
Infrared Imaging Face Recognition,” Proceedings of the 38th Asilomar Conference on Signals, Systems, and 




Domboulas, D., “Infrared Imaging Face Recognition Using NonLinear Kernel-Based Classifiers,” Master’s 
Thesis, Naval Postgraduate School, December 2004. 
 
Lee, C.K., “Infrared Face Recognition,” Master’s Thesis, Naval Postgraduate School, June 2004. 
 
KEYWORDS: Classification, Infrared 
 
 
INVESTIGATIONS IN THE DISCRIMINATION BETWEEN CHEMICAL/BIOLOGICAL AND 
HIGH EXPLOSIVE SIGNATURES FOR THE EARLY WARNING OF BIOLOGICAL AND 
CHEMICAL THREATS 
Monique P. Fargues, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: Edgewood Chemical Biological Center 
 
SUMMARY: Continued the research study started in FY02, which investigated whether various types of 
sensors may be used to discriminate between biochemical warheads and high-energy explosive rounds. 
Evaluated military sensors and their potential for battlefield use, developed algorithms that can distinguish 
between high energy and biochemical rounds, and determined effects of burst altitude, range and 
environment on burst identification.  
 
KEYWORDS: Sensors, Biochemical Warheads, High Energy Explosive Rounds 
 
 
ADVANCED ALGORITHMS AND SOFTWARE ENVIRONMENT DEVELOPMENT FOR 
RECONFIGURABLE PLATFORM LIBRARIES 
Douglas J. Fouts, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency  
 
OBJECTIVE: To formulate algorithms and software support for reconfigurable platform libraries.  
 
KEYWORDS: Reconfigurable Platform 
 
 
ADVANCED RADAR DIGITAL SIGNAL PROCESSING USING COMMERCIAL-OFF-THE-
SHELF COMPUTERS WITH RECONFIGURABLE ARCHITECTURES 
Douglas J. Fouts, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
OBJECTIVE: To design, construct, debug, and test a hardware and software interface between a radar and 
a commercial, off-the-shelf computer with a reconfigurable architecture in order to perform advanced 
digital-signal processing of radar signals using the reconfigurable computer. 
 
SUMMARY: A U.S. Navy AN/SPS-65V search radar was selected as the subject radar for this research. 
The subject reconfigurable computer was an SRC-6E from SRC Computer Corp. A custom analog interface 
board was designed, constructed, and tested to preprocess the analog I and Q intermediate frequency 




signals from the radar receiver. A Maxim MAX-108 analog-to-digital converter was then selected. A total 
of three were used, one for the I channel, one for the Q channel, and one for the AGC signal. These A-to-D 
converters are capable of operation at sampling frequencies of up to 1000 MHz, although in this application 
the sampling frequency was between 100 MHz and 200 MHz. A custom digital interface board was then 




Fouts, D., Macklin, K., and Zulaica, D., “Electronic Warfare DSP Applications Using Reconfigurable 
Computers,” 2004 Military Applications of Programmable Logic Devices Conference, Washington, D.C., 
September 2004. 
 
Fouts, D.J., Macklin, K., Zulaica, D., and Duren, R., “Electronic Warfare DSP Applications Using 




Canright, D., “A Very Compact Rijundael S-Box,” Naval Postgraduate School Technical Report, 
September 2004. 
 
THESES DIRECTED:  
 
Macklin, K.R., “Benchmarking and Analysis of the SRC-6E Reconfigurable Computing System,” Master’s 
Thesis, Naval Postgraduate School, March 2004. 
 
Macklin, K.R., “Suitability of the SRC-6E Reconfigurable Computing System for Generating False Radar 
Images,” Master’s Thesis, Naval Postgraduate School, June 2004. 
 
KEYWORDS: Reconfigurable Computing, Computer Performance Evaluation, Computer Architecture, 
Parallel Processing, Digital Signal Processing, Radar Signal Processing 
 
 
ADVANCED DIGITAL SIGNAL ANALYSIS TECHNIQUES 
Tri T. Ha, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Information Warfare Activity 
 
SUMMARY: Provided support for the Global Signals Analysis Laboratories, under the auspices of the 
Cryptologic Research Laboratory at the Naval Postgraduate School, wherein graduate students and faculty 
performed research in support of signals-analysis labs.  
 
KEYWORDS: Digital Signal Analysis, Cryptological Resarch 
  
 
DETECTION AND CLASSIFICATION OF WIRELESS LOCAL AREA NETWORK SIGNALS 
Tri T. Ha, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Information Warfare Activity 
 
SUMMARY: Developed a prototype using commercially available, low-cost hardware and software to 
detect and classify a wireless IEEE 802.11g orthogonal frequency division multiplex compliant network 
signal. Evaluated the most promising products on the ground with the goal of deploying the prototype with 
ground units.  
 
KEYWORDS: IEEE 802.11g Network, WLAN 
 




JAMMING STRATEGIES BASED ON AN/USQ-146 SYSTEMS 
Tri T. Ha, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Information Warfare Activity 
 
OBJECTIVE: To develop jamming strategies for various target waveforms based on the capability of the 
AN/USQ-146 system. To evaluate the most promising jamming strategies and provide guidelines for their 
use. 
 
SUMMARY: As the need for larger amounts of information increases, the military is looking into 
solutions to push this information throughout the battle space, up to and including the front line unit, and to 
deny the enemy this same capability. The AN/USQ-146 system employs innovative jamming algorithms 
and features that allow it to effectively deny many potential target networks. This research explored the ways 
in which AN/USQ-146 tools can be employed to ensure the protection of information as well as the denial of 
other wireless traffic throughout the battle space.  
 
KEYWORDS: Jamming, AN/USQ-146 
 
 
ANTENNA DESIGN FOR UNMANNED-AIR-VEHICLE APPLICATIONS 
David C. Jenn, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Temasek Defense Systems Institute 
 
OBJECTIVE: The antennas on the unmanned air vehicles (UAV) have special design requirements, for 
example, small size and lightweight. The field of view (antenna pattern coverage) is also a primary design 
requirement. The locations of the antennas are limited on small UAVs. A single antenna might be used for 
all onboard systems, and therefore, it would have to operate in multiple frequency bands simultaneously.  
 
SUMMARY: Examined several of the unique aspects and requirements of UAV antennas, and proposed 
several antenna designs. The designs were simulated using state of the art computational electromagnetics 
codes. They included a broadband counter-wound spiral antenna for dual linear polarization, and a printed 
circuit dipole capable of simultaneous sum and difference element patterns. Mutual coupling in a small 
array was also modeled, to examine its effect on direction finding angle of arrival measurements. Some 
methods of mutual coupling compensation were suggested. The propagation of communication and data 




Lek, L.W. and Jenn, D.C., “Effects of Radio Wave Propagation in Urbanized Areas on UAV-GCS 
Command and Control,” Transactions of the AOC, Vol. 1, No. 1, pp. 44-58, October 2004.  
 
THESES DIRECTED:  
 
Pala, F., “Frequency and Polarization Diversity Simulations for Urban UAV Communication and Data 
Links,” Master’s Thesis, Naval Postgraduate School, September 2004. 
 
Poh, T., “Simulation of Diversity Techniques for Urban UAV Data Links,” Master’s Thesis, Naval 
Postgraduate School, December 2004. 
 
Shivandas, D., “Broadband Counter-Wound Helix for Land Mine Detection,” Master’s Thesis, Naval 
Postgraduate School, March 2004. 
 
KEYWORDS: Electronic Warfare, Sensors, Electronics 
 
 




DIGITAL ANTENNAS FOR COMMUNICATIONS AND RADAR 
David C. Jenn, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Temasek Defense Systems Institute 
 
OBJECTIVE: To examine the current wireless chip technology to determine if existing commercial-off-
the-shelf (COTS) devices can be used to construct digital transmit and receive antennas. The specific tasks 
included researching manufacturer’s hardware data sheets for modulators and demodulators, procuring 
development boards, performing measurements to characterize the board’s electrical performance, and 
performing computer simulations of digital arrays using the measured board data. 
 
SUMMARY: The following goals were achieved: 
 
1. Selection of the Analog Devices AD8347 demodulator board as the primary receive antenna 
component after a study of several COTS components. 
2. Testing and characterization of the AD8347 board  
3. Methods of improving the performance of a digital array using the COTS devices were investigated, 
in particular, time-varying phase shifts. 
4. Computer simulations of time-varying phase shifts demonstrated the effectiveness of the concept. 
5. A new direction finding (DF) antenna architecture was investigated based on a robust symmetrical 
number system (RSNS) mapping of the antenna voltage to the angle of arrival. The design capitalizes 




Jenn, D.C., Esswein, L., Melich, M., Johnson, R., Eng, C.S., Willis, N., et al., “Digital Antenna 
Architectures Using Commercial-Off-the-Shelf Hardware,” Proceedings of the 2004 IEEE International 




Jenn, D.C., Melich, M., Johnson, R., Willis, N., “Aperstructures, Opportunistic Arrays and Digital 
Beamforming,” Aperstructures Workshop, Space and Naval Warfare Systems Command (SPAWAR), San 
Diego, CA, 9 September 2004. 
 
THESES DIRECTED:  
 
Jui-Chun, C., “A Virtual RSNS Direction Finding Antenna System,” Master’s Thesis, Naval Postgraduate 
School, December 2004 
 
Siang, O.C., “Digital Phased Array Architectures for Radar and Communications Based on Off-the-Shelf 
Wireless Technologies,” Master’s Thesis, Naval Postgraduate School, December 2004 
 
KEYWORDS: Electronic Warfare, Sensors, Electronics 
 
 
IMPROVING SHIP POWER RELIABILITY, MAINTAINABILITY AND AVAILABILITY (RMA) 
THROUGH POWER SYSTEMS MODELING AND ANALYSIS 
Alexander L. Julian, Assistant Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Develop simulation and analysis tools to more accurately model power system behavior at 
every level, from stability to power distribution at the top down to electrical stress of components.  
 
KEYWORDS:  DD(X), Integrated Power System 




RADAR WEATHER SIGNAL SIMULATOR 
Jeffrey B. Knorr, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Unfunded 
 
OBJECTIVE: To build a radar weather signal simulator based on physical modeling. 
 
SUMMARY: The goal of this project was to build a MATLAB simulator that will produce an output 
signal with statistics identical to those of the radar signal scattered from precipitation. Such a signal 
simulator will have value for both research and instruction. Work to date has focused on creating a random 
array of raindrops with Marshall-Palmer drop size distribution and terminal velocities determined by drop 
size. The weather signal is calculated by adding the fields scattered from the individual drops. Reflectivity 
calculated using ( ) 61 iZ V D= ∑ has been shown to agree closely with the estimate,  Z , calculated using the 
average value of the echo signal power. Future work will focus on assigning a velocity to each drop to 
account for weather system translational motion, turbulence and wind shear. Drop motion leads to a 
rearrangement of drops with time and a time dependent signal power return. The variation of terminal 
velocity with drop size along with turbulence and wind shear are responsible for the velocity spread of a 
weather signal. One of the areas yet to be investigated is how to assign drop velocity for different weather 
phenomena. The availability of an accurate representation of a weather signal will permit investigation of 
the performance of Doppler moment estimators and different radar signal sampling approaches as well as 
pedagogical applications.  
 
KEYWORDS: Weather Signal Simulation, Radar 
 
 
WEATHER PROCESSOR FOR RAPID SCANNING TACTICAL RADAR 
Jeffrey B. Knorr, Professor 
Department of Electrical and Computer Engineering 
Sponsor: ProSensing, Inc. 
 
OBJECTIVE: To provide improved support for air operations in the battlespace by adding a weather 
processor to a rapid scan tactical radar. 
 
SUMMARY: An Army AN/MPQ-64 Sentinal radar (Forward Area Air Defense) was acquired in the 
spring of 1999 and was brought to operational status at the Naval Postgraduate School (NPS), Center for 
Interdisciplinary Remotely Piloted Aircraft Studies (CIRPAS) during the fall of 1999 and the winter of 
2000. An SBIR project, N01-035, Weather Processor for Rapid Scanning Tactical Radars, was initiated 
with ProSensing, Inc., Amherst, Massachusetts, to add a Doppler processor to the radar. The SBIR project 
progressed to Phase II, and during 2003, a Cooperative Research and Development Agreement (CRADA) 
was signed between ProSensing and NPS covering collaboration on the addition of the weather processor to 
the radar, test and evaluation. During 2004, analytical work was carried out to determine the ability of the 
radar to detect precipitation and clear air turbulence. Strategies were also examined to determine how the 
electronic elevation scan and frequency agility of the radar could best be employed to rapidly acquire 
independent weather signal samples for estimation of reflectivity, velocity and spectral width. The radar 
receiver was calibrated from the antenna input port through the IF output port where the weather processor 
will be connected, in preparation for an end-to-end calibration at the time the processor is installed. It is 
anticipated that installation, test and evaluation of the weather processor will occur during 2005. The radar 
will be mounted on a new flatbed truck along with a generator and operator shelter to facilitate its use in 
field experiments. The new system has been designated MWR-05XP (Mobile Weather Radar, 2005, X-
band, Phased array).  
 
KEYWORDS: Rapid Scanning, Tactical Radar, Weather Processor 
 
 




MULTIPLE INPUT MULTIPLE OUTPUT (MIMO) SYSTEMS ANALYSIS (MIMOSA) 
Frank Kragh, Assistant Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Postgraduate School 
 
SUMMARY: The Multiple Input Multiple Output (MIMO) Systems Analysis (MIMOSA) is a two-year 
project funded by the Naval Postgraduate School research in progress that began on 1 October 2003. This 
research is investigating MIMO communication methods for radio communication that simultaneously 
offer high capacity, low probability of detection, and high resistance to corruption. The principal focus of 
this research is the performance and spectral efficiency of MIMO communication systems under various 
channel and interference conditions. The objective is to increase the capacity for a given signal power, 
decrease the signal power for a given capacity, and increase the reliability of the communication link 
beyond that capable in current systems. This work is intended to establish a path for future covert radio 
system acquisition, including perhaps, modules of the Joint Tactical Radio System and special purpose 




Kragh, F. and Robertson, R.C., “A General Analysis Technique for Performance of Diversity Receivers 
Corrupted by Partial-Band Interference,” Military Communications Conference (MILCOM) 2004, 




Turpin, M.J., “An Investigation of a Multiple-Input-Multiple-Output Communication System with the 
Alamouti Space–Time Code,” Master’s Thesis, Naval Postgraduate School, June 2004.  
 
KEYWORDS: MIMO, MIMOSA 
 
 
BRIEF ON ULTRAWIDEBAND ANTENNA TECHNOLOGY AND EA-18 ANTENNA 
MODELING AND SIMULATION 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center - Crane 
 
OBJECTIVE: To prepare and present a comprehensive brief on antenna and modeling technologies 
relevant to the sponsor’s platforms of interest. 
 
SUMMARY: A briefing was prepared and presented, outlining antenna evaluation methods and modeling 
tools relevant to the EA-18G aircraft antenna performance simulation. The presentation included an update 
on technology concepts and background, followed by an in-depth presentation of the technology’s 
applications to areas of sponsor interest in operational platforms. The presentation included a summary of 
work conducted at the Naval Postgraduate School (NPS) by the Principal Investigator (PI) and Master of 
Science in Electrical Engineering (MSEE) thesis students in the area of ultrawideband (UWB) antennas and 
computational electromagnetic (CEM) modeling. Topics included shipboard and submarine antenna 
systems, simulation-predicted performance versus measured performance comparison for gain, voltage 
standing wave ratio (VSWR), etc., and modeling techniques and tools.  
 
KEYWORDS: Antennas, Ultrawideband, Communications 
 
 




MATERIALS FOR CLADDING OF ULTRAWIDEBAND ANTENNAS 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Information Warfare Activity 
 
SUMMARY: Researched development of a magnetodielectric polymer with frequency dependent losses to 
serve as the material for ultrawideband antenna cladding. The material will be used for the multiple 
purposes of antenna directivity control and reduction of the antenna out-of-and radar cross section, while 
simultaneously preserving ultrawideband antenna operation. 
 
 
SHIPBOARD DIRECTION-FINDING STUDY 
Jovan E. Lebaric, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Security Group 
 
OBJECTIVE: To analyze antenna and system alternatives for shipboard direction-finding, providing the 
sponsor with a comprehensive report and recommendations for further work. 
 
SUMMARY: The Naval Postgraduate School (NPS) team conducted a series of analyses to meet the 
combination of challenges present in this application. These included the limited antenna real estate, large 
wavelength, noise emanating from the ship itself, and the exterior environment (salt, temperature, etc.). The 
report analyzed both active and passive approaches towards the goal of enabling the user to “look away” 
from the ship to suppress the ship’s own interference (for example, from high-frequency (Hf) transmitters, 
power supplies, radar, etc.). Evaluations were run and an extensive brief was prepared and presented to the 
sponsor. The results were implemented in the direction-finding reference and array system developed later 
in 2004. 
 
KEYWORDS: Direction-Finding, Antennas, Shipboard 
 
 
MARITIME DOMAIN AWARENESS SYSTEM DEMONSTRATION 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Alan Ross, Professor 
Navy Tactical Exploitation of National Capabilities Chair Professor, Space Systems Academic Group 
CAPT Steven Ashby, USN, Military Faculty 
Department of National Security Affairs 
RADM Thomas Betterton, USN (Ret.), Space Technology Chairman 
Space Systems Academic Group 
Dan C. Boger, Professor  
Department of Information Sciences  
James Bret Michael, Associate Professor  
Department of Computer Science 
Donald v. Z. Wadsworth, Senior Lecturer  
Department of Electrical and Computer Engineering  
Sponsor: Center for Defense Technology and Education for the Military Services (CDTEMS), Naval 
Postgraduate School 
 
OBJECTIVE: To develop a tool set for data manipulation, fusion and display, and thus to demonstrate 
improved Maritime Domain Awareness. 
 
SUMMARY: This project demonstrated the feasibility of a system that automatically fuses position 
information from multiple information sources at various classification levels to develop tracking and 
identity information on significant numbers of ships globally.  




 Over the last year, five Master’s candidates have successfully completed classified thesis projects 
addressing elements of this problem. Their work included identifying and fusing additional data sources, 
evaluating the applicability of commercial tool sets to this problem, and defining system and security 
architectures. Six students are currently at work on thesis projects, and additional student recruitment is 
anticipated. 
 CC4913, the capstone course for the JC4I Systems curriculum taught during spring 2004 by Professor 
Boger, created a command and control (C2) architecture for the maritime domain protection problem as the 
class project. The end-of-course project briefing was presented to several distinguished visitors, and 
Professors Boger and Ross briefed the project to the Maritime Domain Protection (MDP) Symposium on 
19 August 2004. A technical report documenting the project was published in September 2004. 
 The Automated Identification System (AIS) is a radio transponder system that continuously broadcasts 
ship’s position and identification information in the VHF band for the purpose of collision avoidance. This 
signal is monitored by U.S. Coast Guard shore stations and is available for tracking and identification. 
Professor Wadsworth has been studying the characteristics of this signal and ways of exploiting it. A 
technical report is in development. 
 Three government-contractor-developed computer programs were identified that show significant 
promise for providing the tools to accomplish this demonstration. These tools will provide the basis for the 




Atwell, M.L., “Fusion of Unclassified Information Sources for Maritime Domain Awareness,” Master’s 
Thesis, Naval Postgraduate School, September 2004, (Secret/SCI document). 
 
Christensen, J.P. and Toriello, A.J., “Advanced Database Visualization in Support of Operational 
Intelligence Research,” Master’s Thesis, Naval Postgraduate School, June 2004, (Secret/SCI document). 
 
Haney, M., “Data Fusion in Maritime Domain Awareness,” Master’s Thesis, Naval Postgraduate School, 
September 2004, (Top Secret//SCI document). 
 
Mishak, J., “Multi-Source Intelligence Fusion in Support of Maritime Domain Awareness,” Master’s 
Thesis, Naval Postgraduate School, September 2004, (Secret//SCI document). 
 
 
NAVAL RESERVE SECURITY GROUP COMMAND (NRSGC) ADVANCED RESEARCH AND 
DEVELOPMENT ACTIVITY (ARDA) SUPPORT  
Herschel H. Loomis, Jr., Professor 
Rita Painter, SPAWAR, San Diego, Liaison 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
OBJECTIVE: To send reservist personnel from Naval Reserve Security Group Command, Fort Worth, 
Texas, to support the Advanced Research and Development Activity, National Security Agency. 
  
SUMMARY: Several Naval Reserve Security Group Command (NRSGC) analysts worked at the National 
Security Agency (NSA) and other Advanced Research and Development Activity (ARDA) centers to 
provide feedback, testing, and evaluation services to ARDA on various research and development projects 
in intelligence and information operations. During the course of this task, the reservists participated in an 
information operations seminar in New Orleans, Louisiana, to gain knowledge on commercial research 
technologies being developed.  
 
 




NAVAL RESERVE SECURITY GROUP COMMAND (NRSGC) RESEARCH SUPPORT 
Herschel H. Loomis, Jr., Professor 
Rita Painter, SPAWAR, San Diego, Liaison  
Department of Electrical and Computer Engineering 
Sponsor: Advanced Research and Development Activity, National Security Agency  
 
OBJECTIVE: To support the full-time annual training (AT) and part-time or monthly drill periods 
(IDT/IDTI) for Naval Reserve Security Group personnel who will be conducting research, attending 
training conferences and providing engineering support at regional locations, primarily at the Space and 
Naval Warfare Systems Command (SPAWAR) San Diego, and potentially on a limited basis at the Naval 
Postgraduate School. The Naval Reserve Security Group Command (NRSGC), Fort Worth, Texas, will 
provide periodic analytic support in the intelligence community's research and engineering (IC R&E) field 
to include (but not limited to) the AQUAINT program. 
 
SUMMARY: NRSGC analysts initially worked with researchers and government officials at various 
locations on the AQUAINT program to provide an enriched understanding of the intelligence analysts' 
problem domain, working environment, and long-term goals for the purpose of enabling the researchers to 
become more focused on solving analytic problem sets. The Reservists attended training seminars and 
worked with the appropriate research technologies being developed to provide feedback, testing and 
evaluation services.  
 
 
NAVAL RESERVE SECURITY GROUP COMMAND (NRSGC) RESEARCH SUPPORT  
Herschel H. Loomis, Jr., Professor 
Rita Painter, SPAWAR, San Diego, Liaison  
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Advanced Research and Development Activity, National Security Agency  
 
OBJECTIVE: To send reservist personnel from Naval Reserve Security Group Command, Fort Worth, 
Texas, to support the Advanced Research and Development Activity (ARDA), National Security Agency, 
at their regional centers. 
  
SUMMARY: Funding provided a full-time Naval Reserve Security Group Command (NRSGC) analyst at 
the Southwest Regional ARDA Center (San Diego) who provided periodic analytic support in the 
intelligence community’s research and engineering (IC R&E) field to include (but not be limited to) the 
Novel Intelligence from Massive Data (NMID) program.  
  
 
PROJECT GUSTY ORIOLE (U) 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
RADM Thomas Betterton, USN (Ret.), Naval Space Technology Chair Professor of Space 
Systems, Space Systems Academic Group 
Alan Ross, Navy Tactical Exploitation of National Capabilities (TENCAP) Chair 
Professor, Space Systems Academic Group 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: (U) To conduct research into architectures and algorithms for the acquisition, processing, 
and communication of tactical information. To provide support for the course Space Systems 3001, 
Military Applications of Space and SS4051, Military Space Systems and Technologies. 
 
SUMMARY: (U) Completed work on the following tasks: 
 
a. Transitioned the support for the Configurable Fault-Tolerant Processor experiment to other offices 
of the National Reconnaissance Office (NRO). 




b. Worked with Dr. Michael Price and Major Chris Miller (a Department of Electrical and Computer 
Engineering Ph.D. student) on development of high-accuracy geolocation algorithms. 
c. Developed a proposal for Maritime Domain Awareness system demonstration research that has 
received significant funding from the Naval Postgraduate School (NPS) Center for Defense 
Technology and Education for the Military Services (CDTEMS) grant. 
d. Incorporated student-written time-difference-of-arrival / frequency-difference-of-arrival (TDOA/ 
FDOA) geolocation algorithm in the Geolocation Workbench. 
e. Supported courses SS 3001 and SS4051 through the development of geolocation material, the 
arrangement of field trips to visit contractor sites, and providing consulting support to the design 
project of a future signals intelligence (SIGINT) Architecture. 




Atwell, M., et al., “A Future Signals Intelligence Architecture,” Naval Postgraduate School Technical 
Report, 30 June 2004. 
 
 
TRIPLE-MODULAR-REDUNDANT ARCHITECTURES FOR RELIABLE SPACE-BASED 
COMPUTING  
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Alan Ross, Navy Tactical Exploitation of National Capabilities (TENCAP) Chair 
Professor, Space Systems Academic Group 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To develop a single-event-upset (SEU) tolerant space-based computer using commercial-
off-the-shelf (COTS) field programmable gate arrays (FPGA) to demonstrate the feasibility of using Triple 
Modular Redundancy (TMR) to correct errors without resort to system reset; to build and fly a TMR 
mission computer on NPSSAT. 
 
SUMMARY: Radiation in space poses considerable threat to modern microelectronic devices, in particular 
to the high performance low cost computing capability available on earth. These effects can be categorized 
as long-term permanent faults called total dose effects and transient temporary effects called single event 
upsets (SEU).  
 Total dose effects can be relatively easily delayed by semiconductor manufacturing process 
modification, but single event upsets are more difficult to prevent in modern, high-speed, small-feature-size 
devices. So, while total dose radiation tolerant modern processors and FPGAs are available, all of the 
modern current generation processors are very susceptible to SEUs.  
 It has long been understood that replication of logic with voting circuitry can be used to improve the 
reliability of digital systems in the presence of transient errors in the logic, such as SEUs. At the Naval 
Postgraduate School (NPS), researchers have been engaged in a project to build an evaluation board for a 
TMR implementation of a RISC processor to validate the TMR architecture for employment in a high-SEU 
environment. This research has led to the conclusion that the TMR architecture is effective for enhancing 
resistance of a processor to SEUs so that the computer could operate reliably in the hostile environment of 
low earth orbit. 
 The proposed architecture for the processor that was developed by this previous research works as 
follows: 
 
• In the absence of errors, the three identical computers operate in lock-step, performing whatever 
control or data-processing function is desired. 
• If a SEU occurs in one of the processors, eventually the error will affect either an address, data bus 
value, or control line.  
• The voter circuitry will pass on the correct value of the affected lines to memory and/or the I/O, 
and the voter will signal a Voter Error Interrupt to all three computers. 
• The three CPUs will enter the error interrupt service routine in lock-step. 




• The job of the interrupt service routine will be to save the internal state including all internal 
registers to SECDED memory. During this process, further interrupts will be disabled and the 
voters will insure that the correct state values are saved. Next the saved state will be restored to 
each of the three CPUs. 
• A return from interrupt will be executed and the main program will resume at the point that the 
error was detected. 
 
 This process will thus lose no data and will only suffer the interruption in mission computing required 
to perform the state save and restore. 
 The research to date has identified the Xilinx Virtex field programmable gate array (FPGA) technology 
as having the requisite resistance to total-dose effects and the logic power to be able to implement the 
voting and CPU logic. The layout of the circuit board to hold the two FPGAs, the configuration memory, 
and the data memory has been completed. A development version of the CFTP has been fabricated, has 
been tested, and is currently being used as a vehicle for the testing of FPGA loads to verify the TMR 
processor configuration, the memory controller, and the configuration management.  
 A development surrogate processor board (MZ104 disk-on-chip running embedded Linux) has been 
connected to the CFTP board through the PC104 bus to run a full distribution of Linux. 
This in turn provides a serial connection between the CFTP Development Server and the surrogate 
processor board to allow remote access to the board. The PC/104 interface between the processor board and 
CFTP board is implemented via VHDL code on the CFTP board and C code on the processor board. 
 The CFTP experiment is manifested on two small satellites, NPSat1 (Naval Postgraduate School) and 
MidSTAR1 (U.S. Naval Academy), which are to launch in September 2006 into a LEO orbit. This past 
year, researchers applied for approval as a recognized experiment through the DoD Space Experiment 
Review Board (SERB) for a higher radiation orbit, such as Molnya, MEO, or GTO. Approval was granted 




Hulme, C.A., Loomis, H.H., Ross, A.A., and Yuan, R., “Configurable Fault-Tolerant Processor (CFTP) for 
Spacecraft Onboard Processing,” Proceedings of the 2004 IEEE Aerospace Conference, ISBN 0-7803-
8156-4, March 2004.  
 
Surratt, M., Loomis, H.H., Ross, A.A., and Duren, R., “Challenges of Remote FPGA Configuration for 
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SUPPORT FOR THE COMPUTER NETWORK RESEARCH LABORATORY AND THESIS 
RESEARCH, FISCAL YEAR 2003 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
SUMMARY: This effort continued to expand and enhance the capabilities and research focus of the 
Computer Network Research Laboratory. 
 
 
EXPERIMENTAL LPD COMMUNICATIONS TECHNIQUES 
John C. McEachen, Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
OBJECTIVE: To develop a method for robust low probability of detection (LPD) communications 
through packet-based networks. 
 
 




NETWORK-CENTRIC ANALYSIS OF CRYPTOLOGIC CAPABILITIES 
John C. McEachen, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: U.S. Special Operations Command 
 
OBJECTIVE: To perform an analysis of Naval Postgraduate School (NPS) capabilities, tailored for 
special operations, to determine applicability toward cryptologic integration. Additionally, some funding 
will be used to procure networking equipment in support of follow-on analysis for the U.S. Special 
Operations Command (SOCOM). 
 
SUMMARY: This effort surveyed NPS capabilities across NPS departments and identified research of 
interest to SOCOM. Specifically, a development path for integration of video with the Ground Signals 
Intelligence (SIGINT) Kit (GSK) was identified, leveraging off the current Tactical Network Technology 
(TNT) effort. Additionally, several aspects of sensor networking were identified as having potential for 
future maritime special operations forces (SOF) integration.  
 
KEYWORDS: Sensor Networks, Smart Dust, Wireless, High Speed Networking 
 
 
NETWORK CONTROL AND MANAGEMENT 
John C. McEachen, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: Naval Engineering Logistics Office 
 
OBJECTIVE: To conduct research into control and management techniques suitable for fiber optic 
networks and to develop methods and prototypes for performing vendor-independent management of 
network elements.  
 
SUMMARY: Implementation of control and management functions in Synchronous Optical Network 
(SONET) and Synchronous Digital Hierarchy (SDH) networks is highly varied and fractious due to the lack 
of a large consumer base to demand consistent standards. Unfortunately, much of the DoD communications 
infrastructure runs over SONET/SDH networks. Consequently, network administrators have to deal with 
incompatibilities in vendor implementations. This research implanted the field programmable gate array 
(FPGA)-based architecture defined in previous research efforts and created an initial prototype that allows 
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PATTERNLESS INTRUSION DETECTION 
John C. McEachen, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: Naval Engineering Logistics Office 
 
SUMMARY: Initiated research in a variety of areas related to computer network operations and of interest 
to the Naval Engineering Logistics Office (NELO). This research was conducted using the facilities of the 
Computer Network Research Laboratory (CNRL). Consequently, this effort also served to maintain and 
upgrade some of the lab facilities. 
 
 
SUPPORT TO COMPUTER NETWORK RESEARCH LAB FOR INITIATIVES IN COMPUTER 
NETWORK OPERATIONS 
John C. McEachen, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: Naval Engineering Logistics Office 
 
OBJECTIVE: To initiate research in a variety of areas related to computer network operations and of 
interest to the Naval Engineering Logistics Office (NELO). This research will be conducted using the 
facilities of the Computer Network Research Laboratory (CNRL) and the Electronics and Computer 
Engineering Advanced Networking Laboratory. Consequently, this effort will also serve to maintain and 
upgrade some of the Computer Network Research Lab (CNRL) facilities. 
 




SUMMARY: Interest in portable, high-bandwidth digital communications methods spans the world and 
presents a formidable challenge to the Defense Department of the United States. While anxious to use new 
communications equipment, the armed services are wary of the vulnerabilities they expose. This project 
examined the vulnerability of control and management functions in a variety of scenarios involving fiber 
optic networks. Specifically, the initial architecture for a field programmable gate array (FPGA)-based 
Synchronous Optical Network (SONET)/Synchronous Digital Hierarchy (SDH) analysis module was 
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RADIATION TOLERANT ASIC AND VLSI DEVICES FOR SPACE BASED SYSTEMS 
Sherif Michael, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Reconnaissance Office  
 
OBJECTIVE: To design radiation tolerant mixed mode VLSI and ASIC circuits for space applications. To 
fabricate these design after extensive simulation using regular silicon process as a first step. To study the 
space radiation effects on these state-of-the-art designs using the Naval Postgraduate School (NPS) linear 
accelerator (LINAC) as a radiation source. Upon verification of the experimental results, the layout will be 
submitted for future fabrication using SOI process. 
 
SUMMARY: In this research, a general-purpose digitally programmable VLSI network for a space-based 
system was proposed. The design was based on a technique developed earlier by Michael and has shown 
excellent radiation sensitivity performance. The mixed mode signal circuit, using BiCMOS techniques, was 
under development. Previously fabricated VLSI ASIC chips were also irradiated using the NPS LINAC for 
testing its performance under a radiation environment. Past experimental results using this technique 
showed great improvements in the circuits’ radiation performance. Research in incorporating these designs 
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SPACECRAFT POWER BEAMING USING HIGH-ENERGY LASERS 
Sherif Michael, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To develop advanced models of multi-junction solar cells, using Silvaco Software, along 
with developing a radiation model for these cells. Radiation effects on these advanced cells are also 
investigated and experiments are conducted using the Naval Postgraduate School (NPS) linear accelerator 
(LINAC). Laser power beaming to spacecraft solar panels are also investigated. 
 
SUMMARY: Satellite lifetime is often limited by degradation of the electrical power subsystem, e.g., 
radiation-damaged solar arrays or failed batteries. Being able to beam power from terrestrial sites could 
alleviate this limitation, extending the lifetime of billions of dollars of satellite assets, as well as providing 
additional energy for electric propulsion that can be used for stationkeeping and orbital changes. In 
addition, laboratory research at the Naval Postgraduate School (NPS) has shown the potential to anneal 
damaged solar cells using lasers. In this research, an experiment was proposed to demonstrate some of the 
key technology issues needed to achieve the above goal. The PANSAT, an NPS-built and operated 
spacecraft, was selected to conduct this experiment. A medium power laser with the proper wavelength was 
prepared at the Air Force Maui Optical Station (AMOS) Air Force Research Laboratory (AFRL) site, 




Bates, A. and Michael, S., “The Design and Optimization of an Advanced Four Junction Solar Cell,” 
Proceedings of the 22nd American Institute of Aeronautics and Astronautics (AIAA) International 
Communications Satellite Systems Conference, Monterey, CA, 9-12 May 2004. 
 
Michael, S., “A Novel Approach for the Modeling of Advanced Photovoltaic Devices Using Virtual Wafer 
Fabrication,” Proceedings of the International Conference on the Physics, Chemistry and Engineering of 
Solar Cells (SCELL-2004), Badajoz, Spain, 13-15 May 2004. 
 
Michael, S. and Bates, A., “The Design and Optimization of Advanced Multi-Junction Solar Cells Using 
SILVACO / ATLAS Software Package,” Proceedings of the International Conference on the Physics, 




Bates, A.D., “Novel Optimization Techniques for Multi-Junction Solar Cell Design Using Silvaco 
ATLAS,” Master’s Thesis, Naval Postgraduate School, June 2004. 
 
McGinnis, S.J., “Nuclear Power Systems for Human Mission to Mars,” Master’s Thesis, Naval 
Postgraduate School, December 2004. 
 




AC UNDERWATER ELECTROMAGNETIC PROPAGATION  
Michael A. Morgan, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop and validate a computational tool for accurately predicting the penetration of 
low-frequency electric and magnetic fields through layered magnetic and/or conducting materials. This 
research supports experimental efforts in predicting field signatures external to Navy surface ships and 
submarines.  





SUMMARY: The algorithm being developed computes the shielding effectiveness provided by a multi-
layered cylindrical shell formed from conducting and/or magnetic materials having user-specified 
properties. The internal source being shielded is a large multi-turn coil having both arbitrary location and 
orientation within the cylindrical shell. Both magnetic shielding and eddy-current shielding are included as 
part of the exact analytical formulation which forms the basis of the algorithm.  
 The computation of fields both within and external to a cylindrical shield is formulated in this effort 
using multi-region cylindrical harmonic expansions. The field source is an offset, multi-turn coil whose 
quasi-static fields can be computed using the superposition of single-turn fields formulated in terms of 
complete elliptic integrals in Smythe’s classic text on Static and Dynamic Electricity. These fields interact 
with the conducting (and perhaps magnetic) material of the shell to provide reflected fields in the interior 
Region, standing and traveling waves within the shell (along with induced eddy currents) and outbound 
penetrating fields in the unbounded exterior Region. The fields in each region may be represented using 
combinations of transverse electric (TE) and transverse magnetic (TM) cylindrical harmonic modes. 
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GENETIC ALGORITHM DESIGN OF IMPULSE RADIATING WIRE ANTENNAS 
Michael A. Morgan, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center - Dahlgren Division 
 
OBJECTIVE: To investigate the optimal design of an impulse-radiating array, which maximizes peak 
field intensity at a specified spatial location near to the array due to a specified excitation waveform. 
 
SUMMARY: The impulse-radiating array is composed of a driven wire element and multiple reflector 
elements. The design parameters are lengths and locations of the various elements. A fast time-domain 
Hallén integral equation solver was developed and validated for computing currents and fields (both near 
and far) for impulse wire antenna arrays. This algorithm serves as the computational engine for a genetic 
algorithm that searches the parameter space iteratively via the processes of generation (mating), mutation, 




Morgan, M.A., “Computation of Impulse Array Fields Using Hallén’s Time-Domain Integral Equation,” 
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KEYWORDS: Genetic Algorithm, Impulse Antenna, Near-Fields 




NEAR-FIELD HOLOGRAPHY FOR IMAGING OF ELECTRIC MOTORS AND PUMPS 
Michael A. Morgan, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Office of Naval Research  
 
SUMMARY: Holographic back propagation was investigated for application to electric motors and pumps 
using near-field measurements of AC electric and magnetic fields on truncated cylindrical surfaces. 
 
 
SYSTEM PERFORMANCE AND SHIELDING EFFECTIVENESS STUDIES 
Michael A. Morgan, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center - Dahlgren Division 
 
SUMMARY: System performance and shielding effectiveness was modeled. 
 
 
DIGITAL TARGET IMAGING ARCHITECTURES FOR MULTIPLE LARGE TARGET 
GENERATION 
Phillip E. Pace, Professor 
Douglas J. Fouts, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To design and construct a custom test fixture for interfacing the DIS-512 integrated circuit 
with appropriate test equipment to facilitate functional and speed testing of the DIS-512 and to carry out an 
investigation into alternate architectures. 
 
SUMMARY: The DIS-512 is a full custom application specific integrated circuit developed at the U.S. 
Naval Postgraduate School that is capable of synthesizing multiple large false radar targets in real time for 
countering inverse synthetic aperture radar. The DIS-512 has now been fabricated and packaged in two 
different packages, a 476-pin ceramic pin grid array and a 420-pin plastic ball grid array. Both of these 
packaged parts need to be tested for both functionality and speed. At this point in time, the design and 
fabrication of two different custom test fixtures, one for the CPGA package and one for the PBGA package, 
have been completed. The test fixture for interfacing to the CPGA package is in the process of being wired 
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NAVY SURFACE ANTI-SHIP CRUISE MISSILE THREAT SIMULATOR VALIDATION 
WORKING GROUP 
Phillip E. Pace, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Research Laboratory 
 
OBJECTIVE: To provide technical leadership to the Navy’s N433 Surface Anti-Ship Cruise Missile 
Threat Simulator Validation Working Group (SVWG). Three types of simulations are currently being 
validated by the SVWG for use in test and evaluation. These include radio frequency missile hardware 
simulators, infrared missile hardware simulators and computer models of missile seekers and related 
electronics. 
 
SUMMARY: The duties for the SVWG chairman included coordinating with the Navy’s Simulator 
Validation Coordinator, the Naval Research Laboratory (NRL) ENEWS Program Manager and other Navy 
commands (e.g., Commander Operational Test and Evaluation Force) to prioritize the simulator validations 
for N433 approval. Additional responsibilities included coordinating with the Office of Naval Intelligence 
for threat data review and convening the SVWG as an independent and unbiased reviewer for all of the 
validation reports. This year the major working group meeting was held at the Space and Naval Warfare 
Systems Center, in San Diego, California. Issues discussed included future NULKA test and evaluation 
(T&E), and the upcoming SEWIP T&E schedule. Approval of the LIMA computer simulation validation 
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KEYWORDS: Anti-Ship Cruise Missiles, Simulators, Captive-Carry, Hardware-in-the-Loop 
 
 
PREDICTING THE EFFECTIVENESS OF OFF-BOARD DECOYS AGAINST ANTI-SHIP 
CRUISE MISSILES USING LINEAR AND NONLINEAR SIGNAL PROCESSING 
Phillip E. Pace, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Research Laboratory 
 
OBJECTIVE: An off-board decoy presents a significant EW response to an incoming high-speed anti-ship 
threat missile. The objective of this follow-on effort is to build a User’s Guide for use of the engineering 
software and mathematical models that predict the effectiveness (miss distance) of an off-board decoy 
using captive-carry field test results when the threat tracks the target in an open-loop scenario. 
  




SUMMARY: The software User’s Guide (SECRET) has been written and will be published and 
distributed upon peer review by the Naval Research Laboratory, Off-Board Countermeasures Branch. This 
software will allow those involved in testing of threat weapon systems, the ability to calculate the 
effectiveness of off-board decoys using open loop field test results. 
 
KEYWORDS: Anti-Ship Cruise Missiles, Simulators, Captive-Carry, Hardware-in-the-Loop 
 
 
CLASSIFIED ADVANCED RESEARCH AND DEVELOPMENT ACTIVITY (ARDA) 
CHALLENGE “QKD” WORKSHOPS 
Rita Painter, SPAWAR, San Diego, Liaison  
Department of Electrical and Computer Engineering 
Sponsor: Battelle Corporation 
 
SUMMARY: Cryptologic Research Center (CRC) support for conduct of classified Advanced Research 
and Development Activity (ARDA) challenge “QKD” workshops held at the Naval Postgraduate School. 
 
 
NAVAL RESERVE SECURITY GROUP COMMAND (NRSGC) RESEARCH SUPPORT 
Rita Painter, SPAWAR, San Diego, Liaison  
Department of Electrical and Computer Engineering 
Sponsor: Advanced Research and Development Activity 
 
SUMMARY: Naval Reserve Security Group Command (NRSGC) intelligence/cryptologic analyst support 
to the Advanced Research and Development Activity (ARDA) research program.  
 
 
LOW COST, MAN PORTABLE FREE SPACE OPTIC (FSO) COMMUNICATIONS SYSTEM 
FOR IMPLEMENTATION ON U.S. MARINE CORPS (USMC) FIELD ARTILLERY POSITIONS 
AND FIELD COMBAT OPERATIONS  
Capt. Janaka Perera, USMC, Instructor 
Department of Electrical and Computer Engineering 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Developed a low cost free space optic (FSO) communications system, which is small, 
secure, able to efficiently transmit high-speed data (including voice), requires little power and can be 
rapidly installed at a field artillery position or at a combat operations center (COC) site in lieu of fiber-optic 
cables. The system was based on 1550 nm free space optics laser transceivers that can maintain secure 
continuous communications via TCP-IP to speeds up to 100 mbps. 
 
 
FREQUENCY-HOPPING SIGNAL RESEARCH 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency  
 
OBJECTIVE: To develop a simulation of frequency-hopping signals with multiple frequency-hopping 
signals active at the same time, in order to test precision frequency-hopping signal measurement techniques 
and simulate the effects of filtering interference from analog and digital signals. 
 
 




HYBRID DIRECT SEQUENCE-FREQUENCY HOPPING RESEARCH 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
OBJECTIVE: To research techniques to determine the chip rate and hop rate for hybrid direct sequence-
frequency hopping (DS-FH) spread spectrum signals. Conventional chip rate detectors perform well for 
direct sequence spread spectrum signals. Researchers will investigate the degradation of conventional chip 
rate detectors when they are used to determine the chip rate of a DS-FH signal. Additionally, new 
techniques to detect the chip rate for DS-FH signals will be proposed and their performance tested by 
simulation. 
 
SUMMARY: Conventional direct sequence spread spectrum signals do not hop in frequency. The squaring 
operation in a chip rate detector can determine the signal chip rate very effectively for a conventional direct 
sequence spread spectrum signal, but it is not known how badly a hybrid DS-FH signal will degrade the 
performance of a chip rate detector. This project will document how well a chip rate detector can measure 
the chip rate of a DS-FH signal. It will also investigate alternative solutions and document their 
performance. This project is ongoing. 
 
KEYWORDS: Spread Spectrum, Frequency-Hopping, Direct Sequence, Narrowband Interference 
 
 
LINK ANALYSIS IN TRAFFIC ENGINEERING 
Ralph Clark Robertson, Professor 
John C. McEachen, Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Air Force Information Warfare Center 
 
OBJECTIVE: To develop a unified approach to network specification and analysis based on prior 
knowledge of user load, link capacities and load characteristics. The objective for this analysis is to identify 
conditions of over or under utilization in the network. 
 
SUMMARY: Initial research into this topic revealed that a communications network can be completely 
specified if complete knowledge of its traffic matrix is known. The traffic matrix is a statistical array that 
describes mean link load between any two nodes in the network. Unfortunately, as the variance of the load 
characteristics between any two nodes becomes more heavy-tailed, as is the case with purely Internet 
Protocol (IP) networks, the traffic matrix becomes increasingly difficult to solve. Several methods have 
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NATIONAL SECURITY AGENCY (NSA)/APPLIED TECHNOLOGY DIVISION (ATD) 
CRYPTOLOGIC RESEARCH LAB AND THESIS RESEARCH SUPPORT 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
SUMMARY: Supported the Cryptologic Research Laboratory at the Naval Postgraduate School wherein 
graduate students and faculty performed research in support of the National Security Agency’s (NSA) 
Applied Technology Division. 
 
 
PERFORMANCE AND CONTROL OF DYNAMIC TCS LINKS 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To investigate the performance of adaptive communication links. Adaptive links are 
expected to provide significant overall improvement in communication channel throughput. The first 
objective of this research is to investigate the fundamental theory of an adaptive link with special focus on 
a control algorithm needed to manipulate the link. The second objective is to develop a flexible software 
simulation that will enable easier investigation of varying combinations of modulation and coding schemes, 
channel conditions and interference scenarios. This research will focus on a single point-to-point 
communications link. 
 
SUMMARY: Many factors in the satellite communications environment fluctuate over time. Important 
examples include atmospheric attenuation and channel blockage due to a moving platform. Historically, 
communication satellites design for the worst-case environment and settle for reduced throughput (data 
rate). Future communication satellites can offer dramatically increased throughput by adapting to these 
fluctuations. When the environment is benign, the system can increase performance and take advantage of 
the additional throughput. When the environment is hostile, the system needs to decrease throughput and 
maintain quality of service. In short, the system can adapt to the prevalent environment and increase long-
term throughput while protecting high quality communications during stressful periods. This project is 
ongoing. 
 
KEYWORDS: Error Control Coding, Link Budget, Adaptive Communications Links 
 
 
PROPAGATION EFFECTS ON ANALOG COMMUNICATIONS SIGNALS 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Air Force Information Warfare Center 
 
OBJECTIVE: Analysis sections of the 453rd EW Squadron currently use the Model for Electronic Support 
and Attack (MESA) for Rf propagation of radar and communications signals. The primary analytical output 
for MESA is received signal strength and the propagation mode assumed to obtain this received signal 
strength. Signal features and processing are not accounted for in MESA but must be incorporated by hand 
into an analysis. The objective of this project is to develop an engineering methodology for analog systems 
to derive the required signal strength from basic equipment parameters to determine if operation of the 
analyzed equipment is acceptable, degraded, or denied.  
 
SUMMARY: This project has two objectives. The first purpose is the research, development, and 
refinement of an engineering methodologies and procedures allowing for the manual integration of signal 
features and processing into 453 EWS analog communications analysis scenarios. The second objective is 
the evaluation of the developed methodology through its application to several (two to three) real-world 
systems of interest to 453 EWS analysts. The first objective primarily consists of the derivation and 
compilation of equations, nomographs, and assumptions that incorporate analog communications 




modulation schema, diversity, multiple access techniques and channel characterizations (to name a few) 
into a detailed, fully documented, and academically and operationally defendable end-to-end link budget 
analysis. This is the engineering methodology that is sufficient to estimate the required signal strength of 
most types of communications equipment encountered. The second purpose consists of exercising and 
evaluating the methodology through its application to two or three systems of interest to the 453 EWS. This 
will involve a detailed end-to-end link budget analysis of the two or three identified systems and 
thoroughly documenting the application of the methodology in technical memoranda that fully describe the 
process, the assumptions and limitations, and the results. This project is ongoing. 
 
KEYWORDS: Analog Communications, Fading Channels, Multipath 
 
 
PROPAGATION EFFECTS ON DIGITAL COMMUNICATIONS SIGNALS II 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Air Force Information Warfare Center 
 
OBJECTIVE: Analysis sections of the 453rd EW Squadron currently use the Model for Electronic Support 
and Attack (MESA) for Rf propagation of radar and communications signals. The primary analytical output 
for MESA is received signal strength and the propagation mode assumed to obtain this received signal 
strength. Signal features and processing are not accounted for in MESA but must be incorporated by hand 
into an analysis. The primary means of incorporation is by test data for the specific piece of equipment. 
Without test data, the analyst must question whether the received signal strength has the intended effect for 
proper (or degraded) operation of the analyzed equipment. What is needed is an engineering methodology 
to derive the required signal strength from basic equipment parameters to determine if operation of the 
analyzed equipment is acceptable, degraded, or denied. This engineering methodology combined with test 
data would greatly enhance the ability to assess analyzed equipment operation. 
  
SUMMARY: The derivation and compilation of equations, nomographs, and assumptions that incorporate 
digital communications modulation schema (MQAM, various forms of frequency and phase-shift keying, 
etc.), equalization, diversity, channel coding, speech coding, multiple access techniques and channel 
characterizations (to name a few) in a detailed, fully documented, and academically and operationally 
defendable end-to-end link budget analysis is in the process of being written. This is the engineering 
methodology that is sufficient to estimate the required signal strength of almost any type of 
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WIRELESS MULTI-INPUT-MULTI-OUTPUT (MIMO) COMMUNICATIONS RESEARCH 
Ralph Clark Robertson, Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Security Agency 
 
SUMMARY: Investigated the performance of a multi-input-multi-output (MIMO) communication system 
under various channel and interference conditions. The objective was to develop a flexible software-based 
simulation architecture that will enable a variety of signal modulation, multiplexing, and space-time coding 








INTEGRATED SENSING AND PROCESSING 
Charles W. Therrien, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Defense Advanced Research Projects Agency  
 
OBJECTIVE: This project is part of the integrated sensing and processing (ISP) program under the 
Defense Advanced Research Projects Agency (DARPA) DSO/AMCP. It supports faculty and students at 
the Naval Postgraduate School performing advanced research in sensor processing and fusion. Students 
participating in the research are members of the Navy, Army and other services and civilian employees of 
the Department of Defense (DoD). A focus of the work is on multirate statistical signal processing where 
algorithms are being developed for optimal filtering, detection and classification. 
 
SUMMARY: The investigation of multirate statistical methods continued in 2004. The work this year 
focused on applications of the theory. In the DARPA DSO/AMCP program review of October 2004, 
researchers presented new results on multirate Kalman filtering, a multirate recursive least squares (RLS) 
algorithm, and some initial results on target classification combining linear prediction with a sequential 
decision procedure. Researchers also began developing two-dimensional estimation algorithms for 




Therrien, C.W., Scrofani, J., and Kuchler, R., “Multirate Sensor Processing,” Defense Advanced Research 




Kuchler, R.J., “Theory of Multirate Statistical Signal Processing and Applications,” Ph.D. Dissertation, 
Naval Postgraduate School, (to be completed June 2005), (title tentative). 
 
Scrofani, J., “Two-Dimensional Multirate Signal Processing for High-Resolution Image Analysis,” Ph.D. 
Dissertation, Naval Postgraduate School, (to be completed September 2005), (title tentative). 
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SIGNAL PROCESSING FOR STRATEGIC SYSTEMS 
Charles W. Therrien, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Strategic Systems Program 
 
OBJECTIVE: This work involves the study of use of jointly-deployed sensors to perform tasks of 
detection, estimation, and classification for objects of interest. The sensors may be of different types 
(acoustic, electromagnetic, optical, or other) and are typically characterized by different discrete-time 
sampling rates. A particular new thrust of this work is the extension to two-dimensional signals and images.  
 
SUMMARY: Focused on extending and applying the methods for multirate statistical signal processing to 
two-dimensional signals and digital images in particular. During the current year, researchers studied the 
signal reconstruction problem from low-rate samples and applied one-dimensional methods to image 
reconstruction. Results are reported in a paper to be delivered at the ICASSP International Conference in 




Scrofani, J., “Two-Dimensional Multirate Signal Processing for High-Resolution Image Analysis,” Ph.D. 
Dissertation, Naval Postgraduate School, (to be completed September 2005), (title tentative). 








MOBILE AD HOC SENSOR NETWORKS FOR SURVEILLANCE APPLICATIONS 
Maj. Mark E. Tingle, USMC 
Department of Electrical and Computer Engineering 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Investigated mobile ad hoc sensor network architecture and implementation in the United 
States Navy's expeditionary sensor grid and the inherent problems surrounding mobility, throughput, 
security and clustering. The goal of the research was to prototype an unmanned and unattended mobile ad 
hoc sensor network capable of interoperability with national and military communication assets. 
  
 
LOW-LIGHT SOLAR PANEL CHARGING SYSTEM 
Ron Tudor, Lecturer 
Sherif Michael, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Unfunded 
 
SUMMARY: Tested and evaluated a general-purpose dc/dc converter as part of a low-light solar panel 
charging system. The design was considered for use in conjunction with electronic gear employed by the 
special operations forces of all military services. The system was also modified for use to improve 
spacecraft power and battery charging systems. Preliminary experimental results using this technique 
showed great improvements in the available power for different applications. Research in incorporating 




Lo, B.W. and Michael, S., “Evaluation and Testing of the Solar Cell Measurement System Onboard the 
Naval Postgraduate School Satellite NPSAT1,” Proceedings of the 22nd American Institute of Aeronautics 





Lo, B.W., “Evaluation and Testing of the Solar Cell Measurement System Onboard NPS Satellite 
NPSAT1,” Master’s Thesis, Naval Postgraduate School, September 2004.  
 
KEYWORDS: Space Radiation Effects, Satellites, Annealing, Radiation Hardened, Computer Modeling 
 
 
MODELING AND SIMULATION OF JOINT SERVICE IMAGERY PROCESSING SYSTEM - 
NAVY (JSIPS-N) COMMUNICATIONS ARCHITECTURE (JCA) 
Murali Tummala, Professor  
Department of Electrical and Computer Engineering 
Sponsor: Naval Aviation Depot  
 
OBJECTIVE: To continue the modeling and simulation effort of the Joint Service Imagery Processing 
System - Navy (JSIPS-N) concentrator architecture (JCA) for transmission of imagery over packet 
switched communications network—both local and wide area segments—that was initiated during FY2001. 
Previous research developed an OPNET–based model to simulate the JCA system. The process of verifying 
the model, conducting simulations, and when necessary, revising the model was repeated until the desired 
level of maturity was reached. The objective of this year’s effort is to assess the model’s ability to predict 




specific JCA performance metrics that will be used to make management decisions as the system 
progresses through its life cycle.  
 
SUMMARY: Continuing with the previous year’s effort, this work modified and extended the JSIPS-N 
OPNET model. A structured methodology for establishing the model’s validity is developed. The work 
included multiple simulations that subjected the model to a wide variety of conditions to ensure that the 
model reacted properly to changing circumstances. Additionally, data collected from the physical system 
was used to drive the model, and its outputs were compared to recorded data from the JCA system. Test 
results indicate that the model appropriately simulates JCA behavior even when subjected to increased 
stress conditions. In every case, the model responded correctly to tests designed to confirm known causal 
relationships between system variables. Additionally, the model satisfactorily predicts JCA system 




Courville, Jr., J.D., “JSIPS-N Concentrator Architecture (JCA) Model Validation Through Simulations,” 
Master’s Thesis, Naval Postgraduate School, September 2004.  
  
KEYWORDS: Wide Area Networks, Local Area Networks, Modeling and Simulation, Image 
Transmission, Network Performance, OPNET Modeling 
 
 
SIGNAL PROCESSING OF EMP WAVEFORMS 
Murali Tummala, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Air Warfare Center -Aircraft Division 
 
SUMMARY: The processing of multirate electromagnetic pulse (EMP) waveforms was investigated. The 
main effort focused on the application of wavelet transform to process these waveforms. Additionally, the 
application of fractional fourier transform to transient signal processing was studied. 
 
 
A HANDS-FREE HUMAN/ROBOT INTERFACE FOR SOLDIERS IN THE FIELD  
Ravi Vaidyanathan, Assistant Professor 
Department of Systems Engineering 
Monique P. Fargues, Associate Professor 
Department of Electrical and Computer Engineering  
Sponsor: Unfunded 
 
OBJECTIVE: To develop an unobtrusive method for detecting tongue movement and speech, and 
generating a control instruction corresponding to each in real-time by monitoring signals collected within 
the human ear.  
 
SUMMARY: Two main results were obtained during this preliminary investigation. First, initial research 
showed that short speech commands collected within the ear canal via an in-ear microphone from an adult 
male subject can be classified with high accuracy (a scenario of four words with 100 trials led to a 97.54% 
classification accuracy using a basic hidden-Markov-models classifier). Second, initial results showed that 
in-ear speech is highly resilient to high noise level environments. 
 
KEYWORDS: Classification, Speech Processing 
 
 




DETONATION MERGING ON UNDERWATER BLAST 
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center - Indian Head Division 
 
 
CONTROLLED LOW TEMPERATURE GROWTH, CHARACTERIZATION, AND MODELING 
FOR GALLIUM NITRIDE  
Todd Weatherford, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: Silvaco International 
 
OBJECTIVE: To support an Air Force Small Business Technology Transfer (STTR) with Silvaco and the 
University of California-Berkeley in developing code to model electrical properties of gallium nitride by 
virtual growth simulation.  
 
SUMMARY: The Naval Postgraduate School (NPS) is modeling growth and electrical performance of 
gallium nitride (GaN) high electron mobility transistors. Growth of GaN crystal simulations are used to 
predict point defect type and density. Device simulations utilize the results of the crystal simulation results 
to predict transistor performance.  
 
 
RADIATION EFFECTS STUDIES IN MICROELECTRONICS 
Todd Weatherford, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsor: Strategic Systems Program 
 




SUPPORT FOR THE NAVAL POSTGRADUATE SCHOOL (NPS) LINEAR ACCELERATOR 
(LINAC) 
Todd Weatherford, Associate Professor  
Andrew Parker, Research Associate 
Department of Electrical and Computer Engineering 
Sponsors: Various 
 
OBJECTIVE: To operate the Naval Postgraduate School (NPS) linear accelerator (LINAC) and Flash X-
ray facilities.  
 
SUMMARY: In 2003, the Center for Radiation Hardened Electronics supported internal NPS research 
related to solar cells, and radhard electronics for space and strategic systems. Additionally, the Center 
supported NPS classes related to reliability and space systems. Outside researchers from the National 
Aeronautics and Space Administration (NASA), Naval Research Laboratory (NRL), SAIC/Suntronics, 




Chapman, A., “Transient Response of Silicon-on-Insulator CMOS Structures to Single-Event Ionizing 
Effects,” Master’s Thesis, Naval Postgraduate School, March 2004 
 
 




SUPPORT FOR RADIATION EFFECTS STUDIES 
Todd Weatherford, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsors: Air Force Research Laboratory 
 
OBJECTIVE: To support for the Sensors Directorate at the Air Force Research Laboratory (AFRL) 
Dayton on radiation effects related to microwave devices.  
 
SUMMARY: Project involved lectures to AFRL staff on radiation effects in various technologies. Support 
was also provided in various Air Force research programs.  
 
KEYWORDS: Electronics, Materials, Radiation Effects 
 
 
SUPPORT FOR SPACE VEHICLES DIRECTORATE 
Todd Weatherford, Associate Professor  
Department of Electrical and Computer Engineering 
Sponsors: Air Force Research Laboratory  
 
OBJECTIVE: To assist the SV Directorate in understanding new developments in radiation effects with 
new electronic technologies.  
 
SUMMARY: Work in 2004 was at Kirtland, New Mexico. Lectures were provided on GaN, SiGe, soft 
errors and other areas for space electronics.  
 
KEYWORDS: Electronics, Materials, Processes and Structures, Modeling and Simulation 
 
 
ADVANCED RF SYSTEM DEVELOPMENT 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Explosive Ordnance Disposal Technology Division (NAVEODTECHDIV) 
 
SUMMARY: Performed device measurements and digital signal processing analysis for a potential RF 
signal database, and developed preliminary system specification of the advanced RF. 
 
 
ADVANCED WIRELESS NETWORK 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Center for Defense Technology and Education for the Military Services 
(CDTEMS), Naval Postgraduate School 
 
OBJECTIVE: To develop an Advanced Wireless Network and evaluate for potential Navy applications. 
 
SUMMARY: 802.11b wireless local area networks (WLANs) are used extensively in U.S. military 
applications around the world. These WLANs have significant operational performance capabilities for 
very small geographical regions and low-density wireless scenarios. However, security issues exist and 
non-friendly signal interceptions are important operational considerations. In addition, WLAN performance 
degradations occur for medium and high-density wireless scenarios; and larger geographical regions further 
compound performance problems.  
 The Advanced Wireless Network development extends performance capabilities of current 802.11b 
wireless networks to resolve problems mentioned above. High operational performance will be achieved, 
even in high density wireless environments. Additionally, the Advanced Wireless Network resolves many 
security issues and significantly reduces non-friendly signal interceptions. Further, the Advanced Wireless 
Network operates with little or no performance degradations in the presence of current 802.11b WLANs. 





KEYWORDS: Wireless Network, 802.11, Security 
 
 
AUTOMATIC TARGET DETECTION 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Temasek Defense Systems Institute 
 
OBJECTIVE: To develop high performance and robust target detection algorithms for Temasek Defence 
Systems Institute (TDSI) Synthetic Aperture Radar (SAR) sensors.  
 
SUMMARY: The project goal was to develop high performance and robust target detection algorithms for 
TDSI Synthetic Aperture Radar (SAR) sensors. The automatic target detection processor provided SAR 
image screening support and potential target detection cueing information to simplify and speed up manual 
target detection analysis. 
 Developments included high performance and robust detection algorithms for target detection under 
various signal-to-noise ratio (SNR) conditions and background environment conditions associated with the 
existing TDSI image database. Digital processing architectures and implementations were considered. 
Software developments included implementation of detection algorithms, software verification testing, and 
detection algorithm evaluations and trade off assessments.  
 
KEYWORDS: SAR, Detection, Digital Signal Processing  
 
 
DATA COLLECTION OF WIRELESS UNITS 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Center for Defense Technology and Education for the Military Services (CDTEMS), Naval 
Postgraduate School 
 
OBJECTIVE: To perform laboratory data collections on wireless units and DSP assessments. 
 
SUMMARY: Wireless units are used extensively for military and commercial applications around the 
world. These wireless units operate at many different frequencies and operational performance capabilities 
are varied. Wireless units were obtained for data collections.  
 Laboratory data collections were performed on all wireless units under ideal laboratory conditions for 
fundamental characterizations using the Ad Hoc Wireless Data Collection System.  
 DSP analysis and assessments were performed on all wireless signals collected. Technical assessments 
included high fidelity and new unique parameter extractions, digital estimations of carrier frequency, SNR, 




Wilson, L.A., “ICOM Communication Units-MOP Signal Characteristics,” 18 May 2004. 
 
Wilson, L.A., “Wireless Communication and Remote Control Units-Preliminary PMOP Characteristics 
Summary,” 18 May 2004. 
 
Wilson, L.A., “Wireless Communication Units Data Collections and Initial DSP Assessments,” 20 
September 2004. 
 
Wilson, L.A., “Wireless Signal ID System,” June 2004. 
 
KEYWORDS: Wireless Communications, Remote Control, and Data Collection 




HIGHPEAK PROJECT TECHNICAL SUPPORT 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Provided technical support for the Highpeak Project. 
 
 
MARITIME DIRECTED ENERGY TEST CENTER (MDETC) PROJECT TECHNICAL 
SUPPORT 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Sea Systems Command 
 
OBJECTIVE: To provide technical support for the Maritime Directed Energy Test Center (MDETC) 
Project. 
 
SUMMARY: Naval Sea Systems Command (NAVSEA) is developing the Maritime Directed Energy Test 
Center (MDETC) at the Pacific Missile Range Facility in Kauai, Hawaii. Power generation, power 
distribution, and power conditioning assets are critical elements of the MDETC development. These critical 
elements must be successfully implemented to meet all power requirements and sustain all power drive 
capabilities necessary for several diverse directed-energy systems. 
 New and improved radar threats are encountered in certain coastal regions around the world. Analog 
electronic surveillance systems are not effectively detecting and processing these radar emitter threats, and 
add-on identification processors with specific emitter ID capability have several significant performance 
limitations. These modern modulation radars have significant operational capabilities and represent major 
military and homeland defense problems. Digital ES systems, with next generation DSP algorithms, were 
proposed to handle these important radar threats for peace and war situations. 
 Electrical and electronic engineering technical support was provided for MDETC Project at Monterey 
and various locations, including two Washington, D.C. trips and one Kauai, Hawaii, trip.  
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Wilson, L.A., “Maritime Domain Identification - Overview,” 18 June 2004. 
 
Wilson, L.A., “Maritime Domain Identification System (MDIS) Data Collection System FY04 Plan,” 9 
April 2004. 
 
Wilson, L.A., “Maritime Domain Identification System (MDIS) Data Collection System FY04 Plan,” 14 
June 2004. 
 
Wilson, L.A., “Maritime Radars,” 18 May 2004. 
 
Wilson, L.A., “Maritime Radars Conceptual Diagrams,” 18 May 2004. 
 
Wilson, L.A., “MDIS Project,” 27 February 2004. 
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PHASE-MODULATION-ON-THE-PULSE (PMOP) STUDY 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To continue development, evaluation and demonstration of a High Performance 
Deinterleaver using phase modulation on the pulse (PMOP) parameters and selected classical parameters. 
 
SUMMARY: Algorithm development and software implementation were continued to refine and improve 
the Deinterleaver Processor and Screening Preprocessor Section performance. Deinterleaving analysis and 
assessments were successfully performed on the new IF signal database. These refinements included DSP 
algorithms for the preprocessor and deinterleaver. Development included parameter and signal extraction 
algorithms for low SNR conditions, improved algorithms for interference contamination and multipath 
signals screening, and integrated algorithms for automated processing.  
 DSP analysis, deinterleaving processing and technical assessments were performed using the newly 
collected digitized IF signal database from the Naval Research Laboratory (NRL). DSP analysis was 
performed using the improved algorithms to extract signal characteristics and screen contaminated signals, 
extract key signal features and provide unique parameters for each emitter.  
 Deinterleaving processing was performed using phase PMOP information and specific association 




Wilson, L.A., “Maritime Radars-Initial Technical Data Collections, DSP MOP Assessments, and 
Magnetron Tube Changes,” 21 September 2004.  
 
Wilson, L.A., “Maritime Radars – Initial Warm-up Assessments,” 21 September 2004.  
 
KEYWORDS: Maritime Radars, Digital Signal Processing, MOP Signal Extraction, Data Collection  
 
 
UNINTENTIONAL-MODULATION-ON-THE-PULSE (UMOP) STUDY 
Lonnie A. Wilson, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To perform unintentional modulation on the pulse (UMOP) measurements and parameter 
analysis, and radar emitter characterization analysis and technical assessments of maritime navigation 
radars. 
 
SUMMARY: Maritime navigation radar characterizations and assessments are important for emitter 
deinterleaver and precision ID applications. Sorting ambiguities need to be reduced to minimal levels for 
desired operational capabilities for all electronic environments and conditions. UMOP parameters may 
resolve emitter deinterleaver problems and reduce sorting ambiguities to minimal levels. Precision 
identification may be significantly improved by selecting key UMOP parameters with superior technical 
performance characteristics for low SNR conditions and tonal interference conditions. These environmental 
conditions exist in most electronic environments and electronic intelligence (ELINT) missions.  
 IF signal data collections were made using the Naval Postgraduate School ES Data Collection System 
against maritime radars. DSP analysis and UMOP signature extractions were performed on collected IF 




Wilson, L.A., “Maritime Radars – Initial Technical Data Collections, DSP MOP Assessments, and 
Magnetron Tube Changes,” 21 September 2004.  
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KEYWORDS: Maritime Radars, Digital Signal Processing, MOP Signal Extraction, Data Collection  
 
 
UV AND NETWORK EXPERIMENTATION 
Lonnie A. Wilson, Research Associate Professor 
Jovan E. Lebaric, Research Associate Professor 
Richard W. Adler, Research Associate Professor 
Department of Electrical and Computer Engineering 
Sponsor: Center for Defense Technology and Education for the Military Services 
(CDTEMS), Naval Postgraduate School  
 
 
REDUCED CREW SIZE METROLOGY USING WIRELESS LANS AND WEARABLE 
PERSONAL COMPUTERS (PCS) 
Xiaoping Yun, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Surface Warfare Center - Corona 
 
OBJECTIVE: To develop a closed-loop sensor calibration system using wireless local area networks 
(LAN) and tablet personal computers (PC).  
 
SUMMARY: In 2004, the project effort focused on the development of LABVIEW-based closed-loop 
calibration software that is capable of performing calibration of several different types of pressure sensors. 
The completed software system is able to seamlessly calibrate an analog pressure sensor connected to a 
network capable application processor (NCAP), a digital pressure sensor (from Honeywell) connected to an 
802.11b serial module (WiSer unit from OTC Wireless, Inc.), and a digital sensor connected to a wired 
serial to Transmission Control Protocol/Internet Protocol (TCP/IP) unit (Ipsil unit). The completed system 
was successfully demonstrated at the Land Based Testing Facility at Naval Sea Systems Command 
(NAVSEA)-Philadelphia. The next phase of the project is to integrate the closed-loop calibration system 
into the shipboard installed ICAS system. This is being carried out onboard ex-USS FOSTER, ported at 
Port Hueneme. 
 
KEYWORDS: Metrology, Wireless LAN, Wearable Computer 
 
 
SUBMARINE WIRELESS LOCAL AREA NETWORKING 
Xiaoping Yun, Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Sea Systems Command 
 
OBJECTIVE: To assess new wireless local area network (LAN) technologies and standards, and to test 
and evaluate the IEEE 802.11a/b/g compliant wireless LAN components; to continue the investigation of 
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Generation,” presented to CAPT Gahagan, National Reconnaissance Office, Naval Postgraduate School, 27 
January 2004. 
 
Pace, P.E., Fouts, D.J., and Zulaica, D.P., “Digital Image Synthesis Technology for Counter Targeting,” 
72nd Military Operations Research Society (MORS) Symposium, 22-24 June 2004. (Best Presentation 
Award WG-9 (EW and Countermeasures).)  
 
Su, W., “Time-Diffusion Synchronization Protocol for Sensor Networks,” Southern Polytechnic State 
University, Atlanta, GA, 12 February 2004. 
 
Tsoumanis, A. and Robertson, R.C., “Performance Analysis of the Effect of Pulse-Noise Interference on 
WLAN Signals Transmitted Over a Nakagami Fading Channel,” IEEE Military Communications 
Conference, 31 October-3 November 2004. 
 
Yun, X., “An Investigation of the Effects Magnetic Variations on Inertial/Magnetic Orientation Sensors,” 
2004 IEEE International Conference on Robotics and Automation, New Orleans, LA, 26 April-1 May 
2004. 
 
Yun, X., “Design and Implementation of the MARG Human Body Motion Tracking System,” 2004 
IEEE/Robotic Society of Japan (RSJ) International Conference on Intelligent Robots and Systems (IROS 




Morgan, M.A., “AC Modeling,” Office of Naval Research (ONR) Fiscal Year 2004 Final Report, 30 
September 2004. 
 
Morgan, M.A., “Comparing NIRF Near-Fields for Elevation Tilt,” Naval Surface Warfare Center (NSWC), 
Dahlgren Progress Report, 6 December 2004. 
 
Morgan, M.A., “Cylindrical Shielding Effectiveness,” Office of Naval Research (ONR) Progress Report, 
19 December 2004. 
 
Morgan, M.A., “Genetic Algorithm Impulse Antenna Array Design,” Naval Surface Warfare Center 
(NSWC), Dahlgren Progress Report, 21 December 2004. 
 
Morgan, M.A., “MCI Spheroidal Reflector Options Performance Evaluation of Cases 1-3 at Mid-Band,” 
Naval Surface Warfare Center (NSWC), Dahlgren Progress Report, 14 March 2004. 
 
Morgan, M.A., “NIRF Near-Field with Reflector Rotation,” Naval Surface Warfare Center (NSWC), 
Dahlgren Progress Report, 24 October 2004. 
 
Robertson, R.C. and Beltz, N., “Digital Communications Over Fading Channels,” Naval Postgraduate 
School Technical Report, NPS-EC-05-002, November 2004.  
 






Therrien, C.W. and Tummala, M., Probability for Electrical and Computer Engineers, Boca Raton, FL: 
CRC Press, January 2004. 
 
CONTRIBUTIONS TO BOOKS 
 
Su, W., Akan, O.B., and Cayirci, E., “Communication Protocols for Sensor Networks,” Wireless Sensor 
Networks, T. Znati, K. Sivalingam, and C.S. Raghavendra (Eds.), Kluwer Publishers, 2004. 
 
Su, W. and Akyildiz, I.F., “Time-Diffusion Concepts and Protocol for Sensor Networks,” Emerging 
Location Aware Broadband Wireless AdHoc Networks, R. Ganesh, S. Kota, K. Pahlavan, R. Agusti (Eds.), 
Kluwer Publishers, 2004. 
 
Su, W., Cayirci, E., and Akan, O. B., “Overview of Communication Protocols for Sensor Networks,” 




Pace, P.E., Yeo, S.-Y., and Surratt, R.E., “Signal Synthesizer and Method Therefore,” U.S. Patent 













































































































The Naval Postgraduate School (NPS) Applied Mathematics Department is committed to excellence. Our 
purpose is to provide an exceptional mathematical education focused on the unique needs of our students, 
to produce relevant research for our sponsors, and to provide quality service to the community. We further 






 The majority of the departmental effort is devoted to the service courses offered which support a 





 Master of Science in Applied Mathematics 





 Scientific Computation 
 Control Theory 
 Approximation  
 Numerical Modeling 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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BRIEF INVESTIGATION OF CONFIGURAL MINE WARFARE THEORY 
Carlos F. Borges, Associate Professor  
Department of Applied Mathematics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To perform a brief preliminary investigation of the configural theory of mine warfare with 
an eye toward developing some basic tools using the theory. 
 
SUMMARY: This effort looked at the configural theory of mine warfare. A significant part of the effort 
was collecting and reading much of the work to date in configural mine warfare. At the end of that time, a 
summary report was written giving a carefully documented analytical solution to a simple, but essential, 
mine warfare scenario. It was shown that a wide variety of analysis is possible and that these yield a variety 
of insights into the problem. A proposal for more in depth follow-on work was submitted. 
 
KEYWORDS: Mine Warfare, Configural 
 
 
TOTAL LEAST SQUARES FITTING OF ORDERED DATA WITH POLYNOMIAL SPLINES 
Carlos F. Borges, Associate Professor  
Department of Applied Mathematics 
Sponsor: Unfunded 
 
OBJECTIVE: To develop fast and numerically stable algorithms for fitting polynomial splines to ordered 
data with minimal error in the total least-squares sense. 
 
SUMMARY: This unfunded effort was a continuing research project. The idea was to fit parametric 
polynomial spline curves to ordered data to get the best possible fit. Unlike traditional least-squares 
methods, it was assumed that errors may occur in both the x and y directions. Moreover, the data was 
allowed to be completely general - in particular, it did not have to be functional in nature, and it could 
overlap itself or change directions without restriction. All that was required was an ordered set of points in 
the plane. This year, the focus was on rapid algorithms for computing the QR decomposition of a 
generalization of the Vandermonde matrix. Results were mixed - better speed but a loss of accuracy. More 
research is needed. 
 
KEYWORDS: Curve Fitting, Data Compression, and Approximation Theory 
 
 
BUCKLING OF SHIP GRILLAGES WITH BULB FLAT STIFFENERS 
Donald A. Danielson, Professor 
Department of Applied Mathematics 
Sponsor: Naval Surface Warfare Center, Carderock Division 
 
OBJECTIVE: To use analytical formulas and finite element models to calculate the buckling loads of ship 
grillages with bulb flat stiffeners. 
 
SUMMARY: A series of multi-bay steel grillages typical of ship structures were tested to collapse at the 
Naval Surface Warfare Center. Some of the grillages were made of plate panels strengthened longitudinally 
with bulb flat stiffeners. In this report a theory was developed to predict the failure stresses of bulb flat 
grillages. It was postulated that a grillage buckles initially into either a tripping or a column mode. 
Formulas were provided for the critical buckling stresses associated with these modes. The theory was 




Danielson, D.A., Wilmer, A., “Buckling of Stiffened Plates with Bulb Flat Flanges,” International Journal 







Danielson, D.A., “Failure of Stiffened Plates with Bulb Flat Flanges,” Naval Postgraduate School 
Technical Report, NPS-MA-04-002, September 2004. 
 
KEYWORDS: Structure, Ship, Grillage, Stiffener, Buckling 
 
 
ADVANCED RADAR DIGITAL SIGNAL PROCESSING USING COMMERCIAL-OFF-THE-
SHELF (COTS) COMPUTERS WITH RECONFIGURABLE ARCHITECTURES 
Douglas J. Fouts, Professor 
Department of Electrical and Computer Engineering 
David R. Canright, Associate Professor 
Department of Applied Mathematics 
Sponsor: National Security Agency 
 
OBJECTIVE: To design, construct, debug, and test a hardware and software interface between a radar and 
a commercial-off-the-shelf (COTS) computer with a reconfigurable architecture in order to perform 
advanced digital signal processing of radar signals using the reconfigurable computer. A second objective 
is to develop a fully pipelined version of the Advanced Encryption Algorithm (AES) for the same COTS 
computer with a reconfigurable architecture. 
 See the FAR of Professor Douglas Fouts (Department of Electrical and Computer Engineering) for the 
Project Summary relating to the first objective; the summary below relates to the second objective. 
 
SUMMARY: The specific reconfigurable computer chosen for this work is an SRC-6E from SRC 
Computer Corp. The reconfigurable part of this system uses Virtex II field-programmable gate arrays 
(FPGA). Constraints in this system precluded a fully pipelined implementation of AES using a table lookup 
approach for the crucial S-Box step. Instead, another approach to the S-Box was developed, replacing the 
table with a direct calculation using a compact arrangement of logic gates. Mathematically, this involves 
using subfields for the Galois arithmetic, and different alternatives in each subfield result in 432 different 
implementations of this method. From these, the most compact was identified and optimized, yielding an S-
Box circuit 20% smaller than the most compact previously known. This allowed a fully pipelined AES on a 
single Virtex II chip; the same approach may be useful for other hardware-limited implementations of AES, 




Fouts, D., Macklin, K., and Zulaica, D., “Electronic Warfare DSP Applications Using Reconfigurable 
Computers,” 2004 Military Applications of Programmable Logic Devices Conference, Washington, D.C., 
September 2004. 
 
Fouts, D.J., Macklin, K., Zulaica, D., and Duren, R., “Electronic Warfare DSP Applications Using 




Canright, D., “A Very Compact Rijndael S-box,” Naval Postgraduate School Technical Report, NPS-MA-
04-001, December 2004. 
 
THESES DIRECTED:  
 
Macklin, K.R., “Benchmarking and Analysis of the SRC-6E Reconfigurable Computing System,” Master’s 
Thesis, Naval Postgraduate School, March 2004. 
 
Macklin, K.R., “Suitability of the SRC-6E Reconfigurable Computing System for Generating False Radar 






KEYWORDS: Reconfigurable Computing, Cryptography, AES, Rijndael 
 
 
COMPUTATIONAL MATHEMATICS PROGRAM 
Fariba Fahroo, Associate Professor  
Department of Applied Mathematics 
Sponsor: Air Force Office of Scientific Research  
 
OBJECTIVE: To manage the computational math program at the Air Force Office of Scientific Research 
in Arlington, Virginia. 
 
SUMMARY: This program manages a multi-million dollar basic research effort at the university and Air 
Force Labs level to develop improved numerical and mathematical modeling and simulation capabilities for 
Air Force needs.  
 The program also supports the national Air Force program in high performance computing. Duties 
involve managing the portfolio by knowing the latest trends in computational algorithm developments (as 
related to the Air Force), visiting the Principal Investigators, holding program review meetings, 
maintaining inter-agency and inter-service contacts with other Department of Defense (DoD) funding 
agencies and increasing the portfolio’s exposure internally and externally to attract more funding for more 
research programs. 
 
KEYWORDS: Computational Mathematics, Numerical Modeling, Mathematical Modeling 
 
 
DEVELOPMENT OF ON-LINE FOOTPRINT GENERATION ALGORITHMS FOR SPACE 
ACCESS VEHICLES WITH CONTROL FAILURES 
Fariba Fahroo, Associate Professor  
Department of Applied Mathematics 
Sponsor: Unfunded 
 
OBJECTIVE: To develop fast and accurate numerical methods for determining the largest reachable set 
(footprint) for a reusable launch vehicle under actuator failure. 
 
SUMMARY: This research project was the continuation of the work done at the Air Force Research 
Laboratory (AFRL) in 2002. The ultimate goals of this research were to develop advanced guidance and 
control algorithms for hypersonic and reusable launch vehicles. One application is in the area of 
determining reachable regions by a reentry or un-powered hypersonic vehicle experiencing control effector 
failures. This problem was formulated as a parameter dependent optimal control problem and was solved 
using a numerical package developed at the Naval Postgraduate School (NPS) by (Mike Ross and the 
Principal Investigator). Future goals of the project will involve designing an adaptive reconfigurable 
control system for the X-40A vehicle to support a flight-test demonstration of an integrated adaptive 




Fahroo, F. and Doman, D., “A Direct Method for Approach and Landing Trajectory Reshaping with Failure 
Effect Estimation,” Proceedings of the American Institute of Aeronautics and Astronautics (AIAA) 




Fahroo, F. and Doman, D., “A Direct Method for Approach and Landing Trajectory Reshaping with Failure 











NATURAL ADAPTIVE OBSERVERS FOR 2ND –O DISTRIBUTED PARAMETER SYSTEMS 
Fariba Fahroo, Associate Professor  
Department of Applied Mathematics 
Sponsor: Unfunded 
 
OBJECTIVE: Collaboration with Professor Michael Demetriou at Worcester Polytechnic Institute 
towards development of adaptive control scheme in perturbed second-order. 
 
CONFERENCE PUBLICATIONS:  
 
Demetriou, M. and Fahroo, F., “A Natural Observer-Based Adaptive Controller for Structurally Perturbed 
Second Order Distributed Parameter Systems,” Proceedings of the Mathematical Theory of Networks and 
Systems (MTNS) Conference, Leuven, Belgium, July 2004. 
 
Demetriou, M., and Fahroo, F., “An Adaptive Control Scheme for a Class of Second Order Distributed 
Parameter Systems with Structured Perturbations,” Proceedings of the IEEE Conference on Decision and 
Control, Bahamas, December 2004. 
 
KEYWORDS: Worcester Polytechic Institute, –O Distributed Parameter Systems 
 
 
REAL-TIME COMPUTATION OF TRAJECTORIES FOR HYPERSONIC LAUNCH VEHICLES 
Fariba Fahroo, Associate Professor  
Department of Applied Mathematics 
Sponsor: Unfunded 
 
OBJECTIVE: To develop numerical algorithms for computing trajectories for re-entry launch vehicle in 
real-time, and to study the numerical properties, such as convergence and stability, of these algorithms. 
 
SUMMARY: In this project, computational methods for generating optimal trajectories for re-entry 
vehicles subject to three DOF nonlinear dynamics were considered. Mathematically the problem was 
formulated within the framework of nonlinear and possibly non-smooth optimal control theory. Issues such 
as numerical stability and convergence of a class of numerical methods, pseudospectral methods, were 




Ross, I.M. and Fahroo, F., “Issues in the Real-Time Computation of Optimal Control,” Journal of 
Mathematical and Computer Modeling, Pergaman Press, November 2004, (accepted). 
  
Ross, I.M. and Fahroo, F., “Pseudospectral Knotting Methods for Solving Optimal Control Problems,” 




Ross, I.M. and Fahroo, F., “Discrete Verification of Necessary Conditions for Switched Nonlinear Optimal 
Control Systems,” Proceedings of the American Control Conference, Boston, MA, June 2004. 
 
Ross, I.M. and Fahroo, F., “Pseudospectral Methods for Optimal Motion Planning of Differentially Flat 
Systems,” IEEE Transactions on Automatic Control, Vol. 49, No. 8, pp. 1410-1413, 2004. 
 





PHYSICAL DERIVATION OF LANGMUIR-CHILD SPACE CHARGE LIMITED EMISSION 
Christopher L. Frenzen, Associate Professor 
Department of Applied Mathematics 
Sponsor: Unfunded 
 
OBJECTIVE: To develop a simple capacitive model for Langmuir Child space charge limited emission 
using vacuum capacitance, conservation of energy, and conservation of charge. 
 
SUMMARY: The fundamental Child–Langmuir limit on the maximum current density in a vacuum 
between two infinite parallel electrodes is one of the most well-known and often applied rules of plasma 
physics. Researchers developed a simple model using vacuum capacitance, conservation of energy, 
conservation of charge to derive the Child–Langmuir space-charge-limited emission. This capacitive model 
provided physical insight into the origins of the well known (voltage) ^3/2/ (gap distance) ^2 scaling of the 
classical current density and did not require the solution of the nonlinear differential equation normally 
associated with the Child–Langmuir formulation. In addition, the full space charge- limited solution was 
reproduced without imposing the condition that the electric field be driven to zero at the cathode surface. 
 
THESIS DIRECTED:  
 
Carr, C.G., “Space Charge Limited Emission Studies Using Coulomb’s Law,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
KEYWORDS: Langmuir Child, Space Charge Limited Emission, Vacuum Capacitance 
 
 
COOPERATIVE CONTROL OF MULTI-STEP MANUFACTURING SYSTEMS  
Wei Kang, Associate Professor 
Department of Applied Mathematics 
Sponsor: Intel Corp 
 
OBJECTIVE: To develop software for implementation of the adaptive run-to-run control method 
developed during the first year of the project; to push the research to a larger scale for multiple step 
processes; to develop control architecture and feedback algorithms to achieve cooperative control of the 
semiconductor manufacturing process with multiple processing steps. 
 
SUMMARY: Working with engineers from Intel, the variables and steps that are critical to the overall 
performance of the multi-step manufacturing process were successfully identified. Based on real 
manufacturing data, a three-layer cooperative control architecture was developed. A mathematical model 
was developed for each layer of the process based on real data and important multiple input and output 
parameters. Cooperative control law was under development to optimize the cost functions under the 
constraints and based on real-time information. Meanwhile, simulations based on real data were carried out 




Hamzi, B., Kang, W., and Barbot, J.-P., “Analysis and Control of Hopf Bifurcations,” SIAM Journal on 
Control and Optimization, Vol. 42, No. 6, pp. 2200-2220, 2004. 
 
Hamzi, B., Kang, W., and Krener, A.J., “The Controlled Center Dynamics,” SIAM Journal of Multiscale 
Modeling and Simulation, (to appear). 
 
Kang, W., Song, M., and Xi, N., “Bifurcation Control, Manufacturing Planning, and Formation Control,” 
Automatica Sinica, 2005, (to appear). 
 
Kang, W., Xi, N., Tan, J., and Wang, Y., “Formation Control of Multiple Autonomous Robots: Theory and 






Kang, W., Xi, N., Tan, J., Zhao, Y., and Wang, Y., “Coordinated Formation Control of Multiple Nonlinear 
Systems,” Journal of Control Theory and Applications, (to appear). 
 
Krener, A.J., Kang, W., and Chang, D., “Control Bifurcations,” IEEE Transactions on Automatic Control, 




Gong, Q., Ross, I.M., Kang, W., and Fahroo, F., “Convergence of Pseudospectral Methods for Constrained 
Nonlinear Optimal Control Problems,” IASTED International Conference on Intelligent Systems and 
Control, pp. 209-214, Honolulu, HI, August 2004. 
 
Hamzi, B., Kang, W., and Krener, A.J., “The Controlled Center Dynamics of Discrete Time Control 
Bifurcations,” Nonlinear Control Systems 2004 (NOLCOS04), Stuttgart, Germany, September 2004. 
 
Hamzi, B., Kang, W., and Krener, A.J., “Stabilization of Discrete Time Systems with a Fold or Period-
Doubling Control Bifurcation,” IFAC World Congress, Praha, Spain, 2005, (to appear). 
 
Kang, W. and Mao, J., “An Adaptive Model for the Control of Critical Dimension in Photolithography 
Process,” Proceedings of the IEEE Conference on Decision and Control, December 2004. 
 
Kang, W. and Mao, J., “Adaptive Modeling and H∞  Control for Photolithography Manufacturing 
Process,” Proceedings of the American Control Conference, Boston, MA, June 2004. 
 
Kang, W. and Mao, J., “Robust Control of Lithographic Process in Semiconductor Manufacturing,” 




Kang, W., “CD Control with Adaptive Modeling and Robust Feedback,” High Volume Manufacturing 
Research Committee, Intel Corporation, October 2004, (invited). 
 
KEYWORDS: Multistep Manufacturing, Run-to-Run Control, Intel 
 
 
DEVELOPMENT OF JOINT CAMPAIGN FEDERATION OF MODELS FOR WEAPONS OF 
MASS DESTRUCTION 
Beny Neta, Professor 
Department of Applied Mathematics 
Sponsor: Defense Threat Reduction Agency 
 
SUMMARY: Used knowledge of existing and future combat and other constructive simulations and 
mathematical models to investigate how to play the effects of weapons of mass destruction (WMD) in a 
campaign context. Investigated the feasibility of employing a federation of computer-based models. 
 







A STUDY OF LATERAL BOUNDARY CONDITIONS FOR THE NAVAL RESEARCH 
LABORATORY’S (NRL) COUPLED OCEAN/ATMOSPHERE MESOSCALE PREDICTION 
SYSTEM (COAMPS) 
Beny Neta, Professor  
Department of Applied Mathematics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: The treatment of lateral boundaries in regional models has been a perennial problem since 
the early days of numerical weather prediction. In a limited-area model the lateral edges are not physical 
boundaries of the flow but constitute artificial constraints imposed by computational considerations. Hence, 
they do not have a physical counterpart. Conditions must be imposed at these artificial boundaries in order 
to solve the problem in an efficient and accurate manner. 
 The goal of this research was to continue work on high order non-reflecting boundary conditions for 
the dispersive Klein-Gordon equation. Researchers intend to extend the new schemes to the nonlinear 




Givoli, D., Neta, B., and van Joolen, V., “Application of Higdon Non-Reflecting Boundary Conditions to 
Shallow Water Models,” Proceedings of the International Conference on Spectral and High Order 
Methods, 2004 (ICOSAHOM 2004), T. Hagstrom and T. Warburton (Eds.), Brown University, Providence, 
RI, 21-25 June 2004. 
 
Navon, I.M., Neta, B., and Hussaini, M.Y., “A Perfectly Matched Layer Approach to the Linearized 
Shallow Water Equations Models,” Monthly Weather Review, 132, No. 6, 1369-1378, 2004. 
 
Taylor, J.G., Neta, B., and Shugart, P.A., “An Analytical Model that Provides Insights into Various C2 
Issues,” Proceedings of the 2004 Command and Control Research and Technology Symposium. 
 
van Joolen, V., Neta, B., and Givoli, D., “High-Order Boundary Conditions for Linearized Shallow Water 
Equations with Stratification, Dispersion and Advection,” International Journal Numerical Methods in 
Fluids, 46(4), 361-381, 2004. 
 
van Joolen, V., Neta, B., and Givoli, D., “High-Order Higdon-Like Boundary Conditions for Exterior 
Transient Wave Problems,” International Journal Numerical Methods in Engineering, (accepted). 
 
van Joolen, V., Neta, B., and Givoli, D., “A Stratified Dispersive Wave Model with High-Order Non-




Givoli, D., Neta, B., and van Joolen, V., “Application of Higdon Non-Reflecting Boundary Conditions to 
Shallow Water Models,” International Conference on Spectral and High Order Methods, 2004 
(ICOSAHOM 2004), Brown University, Providence, RI, 21-25 June 2004. 
  
Taylor, J.G., Neta, B., and Shugart, P.A., “An Analytical Model that Provides Insights into Various C2 




Harris, B.G., “Analysis of Lateral Boundary Effects on Inner Domain of COAMPS,” Master’s Thesis, 
Naval Postgraduate School, September 2004. 
 







MATHEMATICAL MODELS OF SEARCH  
Guillermo Owen, Distinguished Professor  
Department of Applied Mathematics 
Sponsor: Naval Postgraduate School 
 
SUMMARY: This project was funded through the Department of Defense Analysis (DA). Professor Owen 
and Professor Gordon McCormick of DA are co-principal investigators. Professors McCormick and Owen 




Owen, G. and McCormick, G., “Manhunting,” submitted to a volume of articles in honor of Martin Shubik. 
 
KEYWORDS: Mathematical Models, Game Theory  
 
 
MATHEMATICAL MODELS OF TERRORISM AND LOW-INTENSITY CONFLICT  
Guillermo Owen, Distinguished Professor  
Department of Applied Mathematics 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Professors McCormick and Owen have developed game-theoretic models for the problem of 
counter-proliferation; on this topic, one article was submitted for publication. They also developed models 
of low-intensity conflict, and particularly, civil war. One article was submitted and accepted for 





McCormick, G. and Owen, G., “A Mathematical Model of Counter-Proliferation, with Multiple Entrants,” 
International Game Theory Review, 2005, (invited). 
 
Owen, G. and McCormick, G., “Factionalism, Violence, and Bargaining in Civil Wars,” Homo 




McCormick, G. and Owen, G., “A Mathematical Model of Counter-Proliferation, with Multiple Entrants,” 
Free University of Amsterdam, 29 June 2004. 
 
KEYWORDS: Game Theory, Counter Proliferation, Civil War 
 
 
RESEARCH PROJECT SUMMARY THEORY OF GAMES AND APPLICATIONS 
Guillermo Owen, Distinguished Professor  
Department of Applied Mathematics 
Sponsor: Unfunded 
 
SUMMARY: This was an unsponsored project, on which Professor Owen has worked with 
mathematicians at the Complutense University in Madrid, Spain, and at the University of Hamburg, 
Germany. He published an article dealing with centrality in social networks, and submitted a second one 
for publication. He also submitted an article on reduced games and consistent values, which was accepted 
for publication. 
 






MODELING TARGET ACQUISITION, TRACKING, AND LOSS IN MILITARY OPERATIONS 
IN URBAN TERRAIN (MOUT) USING GRAPHS 
Craig Rasmussen, Associate Professor 
Department of Applied Mathematics 
Sponsor: TRADOC Analysis Center - Monterey 
 
OBJECTIVE: To model target acquisition, tracking and loss in Military Operations in Urban Terrain 
(MOUT) with graphs, and to then apply analysis techniques such as those from the theory of random 
graphs to gain insights for the Objective Force (OF) and Future Combat System (FCS), and for future 
simulations.  
 
SUMMARY:  This research developed urban target acquisition models that could be substituted for 
existing physics-based or other computationally expensive combat simulation algorithms, resulting in faster 
simulation runtime with an acceptable loss of aggregate simulation accuracy. Specifically, this research 
explored 1) the adaptability of probability of line of sight estimates to urban terrain; 2) the use of 
cumulative distribution functions to model the outcomes when a set of sensors is employed against a set of 
targets; 3) the use of Markov Chains and Event Graphs to model the transition of a target among 
acquisition states; and 4) how a system of differential equations may be used to model the aggregate flow 
of targets from one acquisition state to another. Items (3) and (4) were not developed in depth. Item (1) was 
very successful and was subsequently passed to AAMSA for further development.  
 
THESIS DIRECTED:  
 
Mlakar, J.A., “Aggregate Models for Target Acquisition in Urban Terrain,” Master’s Thesis, Naval 
Postgraduate School, June 2004. 
 
KEYWORDS: MOUT, Graph Models 
 
 
MINE WARFARE SYMPOSIUM 
Clyde L. Scandrett, Professor 
Department of Applied Mathematics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE:  To assist in hosting the 6th International Symposium on Technology and the Mine Problem, 
which was held 9-13 May 2004 at the Naval Postgraduate School.  
 
SUMMARY: The Symposium was a success, and will likely continue on an every-other-year basis at the 
Naval Postgraduate School. Funds were used to defray costs accrued by hosting such a large symposium, 




Proceedings of the Sixth Symposium on Technology and the Mine Problem, 2004. 
 
KEYWORDS: Mines, Mining, Undersea Warfare 
 
 
REFERENCE/TEXTBOOK ON TECHNOLOGY OF COUNTERING LAND MINES, IEDS AND 
BOOBY TRAPS 
Clyde L. Scandrett, Professor  
Department of Applied Mathematics 
Sponsor: Office of Naval Research  
 
SUMMARY: Prepared a text/reference book on emerging technologies that are applicable to land 





upon the eleven major scientific symposia and conferences in which Mr. Bottoms had direct responsibilities 
in planning and organizing. This series began in April 1995 and included six international symposia at the 
Naval Postgraduate School, three Australian-American conferences in Australia, and a major international 
conference in Europe at the Free University of Brussels. 
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Danielson, D.A. and Wilmer, A., “Buckling of Stiffened Plates with Bulb Flat Flanges,” International 
Journal of Solids and Structures, Vol. 41, pp. 6407-6427, 2004.  
 
Hamzi, B., Kang, W., and Barbot, J.-P., “Analysis and Control of Hopf Bifurcations,” SIAM Journal on 
Control and Optimization, Vol. 42, No. 6, pp. 2200-2220, 2004. 
 
Kang, W., Xi, N., Tan, J., and Wang, Y., “Formation Control of Multiple Autonomous Robots: Theory and 
Experimentation,” Intelligent Automation and Soft Computing, Vol. 10, No. 2, pp. 1-17, 2004. 
 
Krener, A.J., Kang, W., and Chang, D., “Control Bifurcations,” IEEE Transactions on Automatic Control, 
Vol. 49, pp. 1231-1246, 2004. 
 
Navon, I.M., Neta, B., and Hussaini, M.Y., “A Perfectly Matched Layer Approach to the Linearized 
Shallow Water Equations Models,” Monthly Weather Review, 132, No. 6, 1369-1378, 2004. 
 
Owen, G. and McCormick, G., “Factionalism, Violence, and Bargaining in Civil Wars,” Homo 
Economicus, 361-390, 2004. 
 
van Joolen, V., Neta, B., and Givoli, D., “A Stratified Dispersive Wave Model with High-Order Non-
Reflecting Boundary Conditions,” Computers and Mathematics with Applications, 48, 1167-1180, 2004. 
 
van Joolen, V., Neta, B., and Givoli, D., “High-Order Boundary Conditions for Linearized Shallow Water 
Equations with Stratification, Dispersion and Advection,” International Journal Numerical Methods in 




Demetriou, M. and Fahroo, F., “An Adaptive Control Scheme for a Class of Second Order Distributed 
Parameter Systems with Structured Perturbations,” Proceedings of the IEEE Conference on Decision and 
Control, Bahamas, December 2004. 
 
Demetriou, M. and Fahroo, F., “A Natural Observer-Based Adaptive Controller for Structurally Perturbed 
Second Order Distributed Parameter Systems,” Proceedings of the Mathematical Theory of Networks and 
Systems (MTNS) Conference, Leuven, Belgium, July 2004. 
 
Fahroo, F. and Doman, D., “A Direct Method for Approach and Landing Trajectory Reshaping with Failure 
Effect Estimation,” Proceedings of the American Institute of Aeronautics and Astronautics (AIAA) 
Guidance, Navigation and Control Conference, Providence, RI, August 2004. 
 
Givoli, D., Neta, B., and van Joolen, V., “Application of Higdon Non-Reflecting Boundary Conditions to 
Shallow Water Models,” Proceedings of the International Conference on Spectral and High Order 
Methods, 2004 (ICOSAHOM 2004), T. Hagstrom and T. Warburton (Eds.), Brown University, Providence, 
RI, 21-25 June 2004. 
 
Gong, Q., Ross, I.M., Kang, W., and Fahroo, F., “Convergence of Pseudospectral Methods for Constrained 
Nonlinear Optimal Control Problems,” IASTED International Conference on Intelligent Systems and 
Control, pp. 209-214, Honolulu, HI, August 2004. 
 
Hamzi, B., Kang, W., and Krener, A.J., “The Controlled Center Dynamics of Discrete Time Control 
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The mission of the Department of Mechanical and Astronautical Engineering is to increase the combat 
effectiveness of U.S. and Allied armed forces and to enhance the security of the United States through 
advanced education that focuses on the ability to identify, formulate and solve technical and engineering 
problems in areas related to mechanical engineering and that spans issues of research, design, development, 
procurement, operation, maintenance and disposal of components and systems for Naval platforms. 
 
 
RESEARCH MISSION:  
 
The research mission of the Department of Mechanical and Astronautical Engineering is to increase the 
combat effectiveness of U.S. and Allied armed forces and to enhance the security of the United States 
through research in areas related to mechanical engineering and that spans the field from basic phenomena 




CURRICULA SERVED:  
 
The Mechanical Engineering Department serves the Naval and Mechanical Engineering Curriculum (570) 
and the Mechanical and Reactors Engineering Curriculum (571). Both curricula are in support of Navy 
needs for individuals having advanced technical education in mechanical engineering and related fields. 
The 570 Curriculum provides the educational component for the Engineering Duty Officer program and the 
research program in the Department is designed to support the requirement for Officers having the ability 






 Master of Science in Mechanical Engineering 
 Mechanical Engineer 
 Doctor of Philosophy  
 Doctor of Engineering 
 
 
RESEARCH THRUSTS:  
 
There are five different disciplines of research thrusts: fluid dynamics, heat transfer, and turbomachinery; 
dynamics systems; controls and robotics; solid mechanics, vibrations, and shock; materials science and 
engineering; and total-ship-systems engineering. 
 
 
FACULTY EXPERTISE:  
 
 Fluid Dynamics, Heat Transfer and Turbomachinery: Distinguished Professor Turgut Sarpkaya, 
Professor Matthew Kelleher, Associate Professor Knox Millsaps, Jr., Associate Professor Ashok 
Gopinath 
 Dynamics Systems, Controls and Robotics: Professor Anthony Healey, Professor Morris Driels, 
Associate Professor Fotis Papoulias 
 Solid Mechanics, Vibration, and Shock: Professor Young Shin, Professor Young Kwon, Associate 
Professor Joshua Gordis 
 Materials Science and Engineering: Professor Terry McNelley, Professor Alan Fox, Associate 
Professor Indranath Dutta  
 Total Ship Systems Engineering: Professor Charles Calvano 





















RESEARCH FACILITIES:  
 
The Mechanical Engineering Laboratories are designed as complements to the educational mission and 
research interests of the department. In addition to extensive facilities for the support of student and faculty 
research, a variety of general use equipment is available. This includes equipment and facilities for the 
investigation of problems in engineering mechanics; a completely equipped materials science laboratory, 
including advanced scanning electron microscopes, an Auger microprobe, a transmission electron 
microscope and X-ray diffractometers; an oscillating water tunnel, a unique underwater towing tank and a 
low turbulence water channel; a vibration analysis laboratory; a fluid power controls laboratory; a robotics 
and real-time control laboratory; facilities for experimentation with low velocity air flows; equipment for 
instruction in thermal transport phenomena; a laser doppler velocimeter; nuclear radiation detection 
equipment and an interactive CAD/CAE computer graphics laboratory. Experimentation is further 




RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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ACQUISITION, TRACKING, AND POINTING OF BIFOCAL RELAY MIRROR SPACECRAFT 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Reconnaissance Office 
 
SUMMARY: Developed a bifocal relay mirror test bed, with single axis rotation between the aperatures, to 
investigate dual line of sight control issues. During Phase I the emphasis was on completion of 
development of the test bed by procuring flexible simulators, agile laser source, acquisition and targeting 
sensor, and a track to support laser source and target. During Phase II the test bed was made fully 
operational. Using analytical simulations and experiments, improved integrated beam control and attitude 
control techniques will be investigated. 
 
KEYWORDS: Bifocal Relay Mirror, Laser, Beam Control 
 
 
ACQUISITION, TRACKING, AND POINTING OF MILITARY SPACECRAFT 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Reconnaissance Office  
 
SUMMARY: Evaluated state-of-the-art acquisition, tracking, and pointing technologies and developed a 
road map to develop these technologies to meet the performance requirements of future military spacecraft. 
The tasks included evaluation of the state of the art, development of a new course on acquisition, tracking, 
and pointing, and organization of a workshop in summer 2003 at the Naval Postgraduate School.  
 
KEYWORDS: Military Spacecraft, Acquisition, Tracking, Pointing  
 
 
AUTONOMOUS DOCKING AND ROBOTIC SERVICING PROJECT 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: The Naval Postgraduate School performed analysis, created numerical models, and 
performed computer simulations of a chaser vehicle with one manipulator, resulting in the design of a 
control law for the attitude and proximity navigation of a chaser vehicle with respect to a target vehicle. 
NPS upgraded the satellite servicing testbed in order to perform tests on the proximity navigation maneuver 
of the chaser with respect to a fixed target using reaction wheel and thrusters in preparation for target 
capture and docking.  
 
KEYWORDS: Autonomous Docking, Numerical Models, Robotics 
 
 
DUAL LINE OF SIGHT CONTROL 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Space Missile Command 
 
SUMMARY: Developed a bifocal relay mirror testbed, with single axis of rotation between aperatures, to 
investigate dual line of sight control issues. Using analytical simulations and experiments on the testbed, 
improved integrated beam control and attitude control techniques were developed and demonstrated. 
 
KEYWORDS: Bifocal Relay Mirror, Beam Control, Attitude Control 
 
 




FINE POINTING AND TRACKING CONTROL OF IMAGING SPACECRAFT 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Reconnaissance Office 
 
SUMMARY: Developed technologies for fine acquisition, tracking, and pointing control of future imaging 
spacecraft. The emphasis in the program was on fast slewing of flexible imaging spacecraft and finer 
optical beam jitter, tracking, and pointing control. The work was performed in two phases. Phase I 
consisted of developing improved techniques and validating them analytically by performing analytical 
simulations and experimentally by using a flexible spacecraft simulator for fast slewing and precision 
positioning hexapod and the optical test bed for finer optical beam and jitter control. In Phase II, a three-
axis analytical model was developed by including flexibility and control moment gyros control. The 
improved techniques were validated analytically by simulations and experimentally by using a new attitude 
control simulator.  
 
KEYWORDS: Imaging Spacecraft, Pointing Control, Tracking Control 
 
 
A GLOBALLY CONVERGENT ANGULAR RATE ESTIMATOR FOR SPACECRAFT 
ATTITUDE  
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Secretary of the Air Force 
 
SUMMARY: Developed an estimator for the angular velocity of a spacecraft from gyro measurements. 
The estimator fully exploited the nonlinear kinematics of the problem, and was shown to be globally 
convergent. Its effectiveness was assessed in terms of computer simulation as well as testing using gyro 
data from the testbed at the Spacecraft Research and Design Center.  
 
KEYWORDS: Spacecraft, Gyro, SRDC  
 
 
MULTI-BODY FLEXIBLE DYNAMIC, SYSTEM IDENTIFICATION AND CONTROL 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Secretary of the Air Force 
 
SUMMARY: Evaluated and exploited different techniques in modeling the flexible dynamics, system 
identification (inertia and modal parameters) and control of a multi-body flexible spacecraft. The flexibility 
interacts with the control systems and can create instability, vibrations during slew maneuvers, and cause 
jitter for optical payloads. Both analytical-numerical simulations and experimental testing were conducted.  
 
KEYWORDS: Multi-body Flexible Spacecraft, Modeling  
 
 
RELAY MIRROR TESTBED 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: Developed a bifocal relay mirror testbed, with single axis of rotation between the aperatures, 
to investigate dual line of sight control issues. Using analytical simulations and experiments on the testbed, 
improved integrated beam control and attitude control techniques were developed and demonstrated. The 
emphasis on this project was on optical payload and beam control for the testbed.  




KEYWORDS: Relay Mirror, Bifocal 
 
 
SPACE TECHNOLOGY DEVELOPMENT 
Brij N. Agrawal, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: The objective of this project was to extend collaborative research work between the Air 
Force Research Laboratory (AFRL) and the Spacecraft Research and Design Center (SRDC) at the Naval 
Postgraduate School in the development of space technologies. There are several research areas of common 
interest in spacecraft technologies, such as vibration isolation and control, shape control, jitter control, 
acquisition, tracking, and pointing of optical payload spacecraft, and spacecraft system design. The specific 
areas and tasks are defined and agreed upon each year. The research work done at SRDC will be presented 
at AFRL annually.  
 
KEYWORDS: AFRL, SRDC, Spacecraft  
 
 
SPACE SITUATIONAL AWARENESS RESEARCH CENTER 
Kyle Alfriend, Navy (TENCAP) Space Chair 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Office of Scientific Research 
 
SUMMARY: Developed a Joint Space Situational Awareness Research Center with the Air Force Maui 
Optical Site (AMOS) and performed research vital to this country in space situational awareness (SSA). 
Educated military officers and government civilians about space situational awareness. 
 
KEYWORDS: AMOS, SSA, Joint Space Situational Awareness Research Center 
 
 
IDENTIFICATION AND CHARACTERIZATION OF CRITICAL ISSUES FOR PULSE 
DETONATION ENGINES 
Christopher M. Brophy, Research Associate Professor 
Jose O. Sinibaldi, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To determine the performance of a valveless fuel/air pulse detonation engine (PDE) 
operating at conditions and frequencies representative of a supersonic (M=2.5, h=10 km) cruise missile. 
 
SUMMARY: This effort performed analysis, design, and integration of various engine components critical 
to PDE operation. A fuel/oxygen initiator was designed and operated at up to 100Hz. Diffraction limits of 
initiator/receptor geometry were determine through simultaneous shadowgraph and CH* images. The 
results were used to develop a multi-cycle fuel/air PDE, which was primarily operated on ethylene/air 
mixtures, but also liquid fuels such as JP-10. The performance of the resulting engine agreed well with 
predictions and demonstrated the need to replace the fuel/oxygen initiator with a similar fuel/air unit to 
maximize the resulting fuel-based specific impulse values. The testing also demonstrated the importance of 
utilizing line-of-site optical fuel measurements to resolve the temporal and spatial fuel loading within the 




Brophy, C.M., “Development Efforts on Pulse Detonation Engines and Enabling Technologies,” 
Continuous and Pulse Detonation Propulsion, TORUS Press Publishers, ISBN 5-94588-029-9, 2004, 
(submitted). 





Brophy, C.M., Wang, F., and Gundersen, M., “Transient Plasma Ignition of a Hydrocarbon/Air Initiator for 
Pulse Detonation Engines,” Continuous and Pulse Detonation Propulsion, TORUS Press Publishers, ISBN 
5-94588-029-9, 2004, (submitted). 
 
Brophy, C.M., Sinibaldi, J., Wang, F., Jiang, C., Kuthi, A., and Gundersen, M.A., “Transient Plasma 
Ignition of Hydrocarbon-Air Mixtures in Pulse Detonation Engines,” American Institute of Aeronautics and 
Astronautics (AIAA) Aerospace Sciences Meeting, Paper No. 2004-0834, Reno, NV, 2004. 
 
Mattison, D., Brophy, C.M., Sander, S., Ma, L., Hinckley, K., Jeffries, J., and Hanson, R.K., “Pulse 
Detonation Engine Characterization and Control Using Tunable Diode-Laser Sensors,” Journal of 
Propulsion and Power, Vol. 19, No. 4, 2004. 
 
Wang, F., Liu, J.B., Sinibaldi, J., Brophy, C., Kuthi, A., Jiang, C., et al., “Transient Plasma Ignition of 




Brophy, C.M., “Development Efforts on Pulse Detonation Engines and Enabling Technologies,” 
International Colloquium on the Detonation for Advanced Propulsion, St. Petersburg, Russia, July 2004. 
 
Brophy, C., “ONR Pulse Detonation Engine Research Efforts,” 2004 IHPTET Meeting, Dayton, OH, 2004. 
 
Brophy, C.M., “Pulse Detonation Engine Development and Enabling Technologies,” International 
Colloquium on Application of Detonation for Propulsion, St. Petersburg, Russia, July 2004. 
 
Brophy, C.M., Wang, F., and Gundersen, M., “Transient Plasma Ignition of a Hydrocarbon/Air Initiator for 
Pulse Detonation Engines,” International Colloquium on the Detonation for Advanced Propulsion, St. 




Wittmers, N., “Direct-Connect Performance Evaluation of a Valveless Pulse Detonation Engine,” Master’s 
Thesis, Naval Postgraduate School, December 2004.  
 
KEYWORDS: Valveless Fuel/Air Pulse Detonation Engine, PDE, Supersonic, Cruise Missile. 
 
 
LIQUID ROCKET ENGINE PLUME SIGNATURES 
Christopher M. Brophy, Research Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory  
 
OBJECTIVE: To determine the soot production characteristics for various hydrocarbon fuels and the 
associated optical properties, including index of refraction, Sauter Mean Diameter, and size distribution for 
a well-mixed liquid rocket engine operating on the various hydrocarbon/oxygen mixtures. 
 
SUMMARY: This research involved the determination of the soot production curve over an O/F range of 
0.3 to 1.5 for various hydrocarbon fuels with gaseous oxygen and for well-mixed conditions. The resulting 
soot mass fraction curves and the associated optical properties were determined through the use of Mie 
theory and multiple wavelength transmission measurements. Maximum soot levels approached 25% by 
mass, but quantitative maximum values were resolved due to excessive attenuation at the associated O/F 
conditions. Multiple transmission paths across the plume have since greatly improved the approach and are 
now being used on film-cooled liquid rocket engine configurations.  
 






Brophy, C. and Hartsfield, C., “Sooting Characteristics of Toluene/Oxygen Mixtures for Signature 




Brophy, C. and Hartsfield, C., “Sooting Characteristics of Toluene/Oxygen Mixtures for Signature 




Carter, M., “Tunable Diode Lasers for Plume Characterization,” Master’s Thesis, Naval Postgraduate 
School, December 2004.  
 
 
LIQUID ROCKET ENGINE SIGNATURE STUDIES 
Christopher M. Brophy, Research Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: Characterized the spatial distribution and mass concentration of soot in a liquid rocket 
engine exhaust plume for both well-mixed and film-cooled geometries. Multi-wavelength transmission 
measurements, planar imaging, and tomography were applied to specified motor geometries and conditions.  
 
KEYWORDS: Pulse Detonation, Ethylene, Supersonic, Jet 
 
 
PULSE DETONATION ENGINE STUDIES 
Christopher M. Brophy, Research Associate Professor 
Jose O. Sinibaldi, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: General Electric Aircraft Engines 
 
OBJECTIVE: To determine the ability to initiate an ethylene/air detonation through the use of four 
fuel/air supersonic jets discharging onto a central axis. 
 




DeLarosa, G., “Supersonic Jet Initiation of Ethylene/Air Mixtures,” Master’s Thesis, Naval Postgraduate 
School, December 2004.  
 
 
PULSE DETONATION TECHNOLOGY DEVELOPMENT 
Christopher M. Brophy, Research Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: General Electric Aircraft Engines 
 
SUMMARY: The Naval Postgraduate School (NPS) and General Electric Aircraft Engines (GEAE) 
participated in a collaborative effort in the development of pulse detonation (PD) technology. NPS 
conducted analysis and testing for GEAE specified PD tasks. This collaborative effort advanced the state of 
PD technology using liquid fuels. The NPS PD program benefited from the new technologies provided and 
from expansion of current programs to include other liquid fuels. 
 




CONTINUED INVESTIGATION OF THE EFFECTS OF DETONATION MERGING ON 
UNDERWATER BLAST 
Ronald E. Brown, Research Professor 
Department of Physics 
Ashok Gopinath, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Donald v. Z. Wadsworth, Senior Lecturer 
Space Systems Academic Group and Department of Electrical and Computer Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This continuing effort is directed towards exploring and quantifying means for applying the 
detonation merging mechanism for enhancing explosive blast.  
 
SUMMARY: Detonation rates predicted by a finite difference code were found to be in excellent 
agreement with those reported from a spherical explosive implosion experiment. In addition, the supra-
pressure conditions, above the Chapman-Jouguet state, leading to these increases in detonation rates were 
established. These results provide confidence in the code and equations of state models employed to 
accurately predict detonation rates resulting from detonation convergence. Additional simulations of 
underwater blast experiments performed by the Naval Surface Warfare Center (NSWC) and SRI were also 
completed for purposes of forming bases of comparison for the evaluation of novel design schemes derived 
for increasing the directionality and intensity of underwater explosive detonation. Two explosive devices 




Brown, R., “Investigation of the Effects of Detonation Merging on Underwater Blast,” Naval Postgraduate 
School Annual Report, RBHB3-AR-01reb, Office of Naval Research Contract N0001405WR 20144, July 




Biesterveld, A., “Novel Techniques for Enhancing Blast Intensity and Directionality,” Master’s Thesis, 
Naval Postgraduate School, June 2004. 
 
Moore, T., “Constructive Explosive Blast and Shock Focusing,” Master’s Thesis, Naval Postgraduate 
School, March 2004. 
 




FIRST PRINCIPLES PREDICTION OF X-RAY IMPULSE 
Ronald E. Brown, Research Professor 
Department of Physics  
Ashok Gopinath, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Donald v. Z. Wadsworth, Senior Lecturer 
Space Systems Academic Group and Department of Electrical and Computer Engineering  
Sponsor: Navy Strategic Systems Programs Office 
 
OBJECTIVE: To develop a first-principles physics model for predicting the impulse induced on selected 
surfaces by an X-ray burst in space. To validate the theoretical model by comparing predictions with 
available underground test data and other experimental data.  
 
SUMMARY: This multi-year research project supports the Trident Stockpile-to-Target Stewardship 
program. The 2003 calendar year research provided confidence in the hydrocode model since the 




AUTODYN hydrocode compared favorably with the SNL CTH hydrocode in predicting the effects of an x-
ray burst on the RV aeroshell (LT Sylvester’s Master’s Thesis). As a result of a March 1, 2004 meeting 
with the SSP chief scientist, it was concluded that further work should be based on the CTH hydrocode 
(vice AUTODYN) to take advantage of related SSP funded-research at SNL utilizing CTH. In particular 
the continuing effort at NPS should address improving the physics model, including the EOS and effects of 
viscosity. Due to late receipt (June, 2004) of the two-year funding for this task and the PI’s academic 
schedule, further research efforts had to be postponed until CY 2005.  
 
THESIS DIRECTED:  
 
Sylvester, C.A., “Cold X-Ray Radiation Absorption and Material Response: Numerical Model to Predict 
Blow-Off and Impulsive Loading in Re-Entry Vehicles,” Master’s Thesis, Naval Postgraduate School, 
March 2004. 
 
KEYWORDS: X-ray, Lasers, Weapons Effects 
 
 
A FUNDAMENTAL STUDY OF COMPRESSIBLE DYNAMIC STALL AND ITS CONTROL 
OVER A VARIABLE DROOP LEADING EDGE AIRFOIL 
Muguru Chandrasekhara, Research Professor  
Department of Mechanical and Astronautical Engineering 
Navy – National Aeronautics and Space Administration (NASA) Joint Institute  
of Aerospace Sciences 
Sponsor: U.S. Army Research Office 
 
OBJECTIVE: To investigate basic vorticity dynamics issues of compressible dynamic stall control using a 
Variable Droop Leading Edge (VDLE) airfoil. 
 
SUMMARY: This continuing effort was initiated in September 2002. The goal of the project is to identify 
the fundamental fluid mechanics issues associated with dynamically drooping the airfoil leading edge as a 
means to control dynamic stall. In particular, the study is being focused on the flow vorticity distributions 
to establish the reasons for the notable success achieved in controlling compressible dynamic stall using the 
VDLE airfoil. Since a large amount of vorticity is produced, a fact supported by the noted increases in lift, 
it is of interest to see how the vorticity gets redistributed to levels that do not produce a vortex. The results 
in hand validate the hypothesis that vorticity management holds the key for effective flow control. During 
the calendar year, National Aeronautics and Space Administration (NASA) Ames Research Center (ARC) 
decided to reclaim the compressible dynamic stall facility laboratory space. However, prior to this event, a 
large body of data had been collected and presently, detailed analysis of this is ongoing. The goal is to 




Chandrasekhara, M.S., Martin, P.B., and Tung, C., “Compressible Dynamic Stall Control Using a Variable 





Chandrasekhara, M.S., “A Review of Compressible Dynamic Stall Principles and Methods,” Proceedings 
of the 10th Asian Congress of Fluid Mechanics, Sri Lanka, 17-21 May 2004. 
 
Chandrasekhara, M.S., Tung, C., and Martin, P.B., “Aerodynamic Flow Control Using a Variable Droop 
Leading Edge Airfoil,” Specialists Meeting (RSM) on Enhancement of Military Flight Vehicle Performance 
by Management of Interacting Boundary Layer Transition and Separation (Paper No. 2, RTO/AVT-111), 
Prague, Czech Republic, 4-7 October 2004. 
 






Chandrasekhara, M.S., “A Review of Compressible Dynamic Stall Principles and Methods,” 10th Asian 
Congress of Fluid Mechanics, Sri Lanka, 17-21 May 2004. 
 
Chandrasekhara, M.S., Tung, C., and Martin, P.B., “Aerodynamic Flow Control Using a Variable Droop 
Leading Edge Airfoil,” Specialists Meeting (RSM) on Enhancement of Military Flight Vehicle 
Performance by Management of Interacting Boundary Layer Transition and Separation, Prague, Czech 
Republic, 4-7 October 2004.  
 




STUDY OF A VARIABLE DROOP LEADING EDGE (VDLE) AIRFOIL WITH A GURNEY FLAP 
IN THE COMPRESSIBLE DYNAMIC STALL FACILITY 
Muguru Chandrasekhara, Research Professor  
Department of Mechanical and Astronautical Engineering 
Navy - National Aeronautics and Space Administration Joint Institute of Aerospace Sciences  
Sponsor: National Aeronautics and Space Administration - Ames Research Center/U.S. Army  
 
OBJECTIVE: To enhance the performance of a Variable Droop Leading Edge (VDLE) airfoil by 
attaching a simple Gurney flap. 
 
SUMMARY: This project draws from the success of the above described Army Research Office (ARO) 
project. The effort concluded in June 2004. In the previous year, the ARO and Air Force Doctrine 
Document (AFDD) projects had indicated a spectacular result that the dynamic stall phenomenon could be 
fully controlled using the VDLE airfoil. However, the cost of this success was a small loss of lift, but in 
addition to the avoidance of dynamic stall consequences, both the drag and adverse pitching moment were 
dramatically improved also. The Army is requiring high lift performance out of its rotorcraft in the field 
and so it was imperative that even this small price was not paid. Hence, a small Gurney flap was attached to 
the airfoil section and tested. Even though a passive device, the Gurney flap was successful in more than 





Chandrasekhara, M.S., Martin, P.B., and Tung, C., “Compressible Dynamic Stall Performance of a 
Variable Droop Leading Edge Airfoil with a Gurney Flap,” AIAA Paper No. 2004-0041, American 




Chandrasekhara, M.S., Martin, P.B., and Tung, C., “Compressible Dynamic Stall Performance of a 
Variable Droop Leading Edge Airfoil with a Gurney Flap,” AIAA Paper No. 2004-0041, Reno, NV, 
January 2004.  
 
KEYWORDS: Gurney Flap, Basic Vorticity Dynamics, Compressible Dynamic Stall, Variable Droop 
Leading Edge, VDLE, ARO, AFDD 
 
 




SUPPORT OF FLORIDA STATE UNIVERSITY/FLORIDA A&M UNIVERSITY 
EXPERIMENTAL STUDIES OF COMPRESSIBLE DYNAMIC STALL 
Muguru Chandrasekhara, Research Professor  
Department of Mechanical and Astronautical Engineering 
Navy - National Aeronautics and Space Administration Joint Institute of Aerospace Sciences 
Sponsor: Florida A&M University 
 
OBJECTIVE: To investigate compressible dynamic stall control using supersonic micro-jets. 
 
SUMMARY: These studies were successfully completed and the project concluded in March 2004. The 
aim was to demonstrate the proof of concept of compressible dynamic stall control using microjets. The 
necessary experimental data was collected in CY’ 2003. In the tests, two unsteady pressure transducers 
were mounted on the airfoil upper surface at 2.5% and 7.5% chord lengths from the leading edge and the 
local time dependent pressures were measured as the airfoil executed sinusoidal pitching oscillations. 
Results for cases with and without blowing were compared at two Mach numbers and one reduced 
frequency, at different blowing pressures. The results confirmed successful control. However, preliminary 
calculations of the blowing mass flow requirements indicated that a larger than anticipated mass flow may 
have to be drained from the available system resources to make it a practical and reliable tool.  
 
KEYWORDS: FMU, FAMU, Dynamic Stall, Supersonic, Micro-jet 
 
 
MISCELLANEOUS AIR-TO-SURFACE TASKS  
Morris Driels, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsors: Joint Technical Coordinating Group–Eglin Air Force Base  
 
OBJECTIVE: To improve delivery accuracy methodology and to develop a real time delivery accuracy 
capability 
 
SUMMARY: This continuing task completed a major milestone in 2003 by delivering the prototype Joint 
Delivery Accuracy Program (JDAP) to the sponsors. This product will now be integrated by the contractor 
into JAWS version 2.3 due for release in July 2003.  
 
KEYWORDS: Bombing Accuracy, Weaponeering 
 
 
INTERFACIAL CREEP IN MULTI-COMPONENT MATERIALS SYSTEMS 
Indranath Dutta, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Science Foundation 
 
OBJECTIVE: A comprehensive investigation of diffusionally accommodated interfacial sliding 
(interfacial creep) in multi-component materials systems, with a view to obtaining a fundamental 
understanding of the operative mechanism and its dependence on interfacial structure. The objectives were 
to develop experimental and analytical approaches to study interfacial creep in both bulk and thin film 
materials systems; to develop mechanistic insight into interfacial sliding by correlating the sliding kinetics 
with the interfacial morphology, structure and chemistry; to generate sliding kinetics data for selected 
interfaces of practical importance; and to evaluate the impact of sliding on the performance of two 
engineering systems of importance (fibrous composites and film-substrate systems).  
 
KEYWORDS: Interfacial Creep, Fibrous Composites, Film Substrate  
 
 




MINIATURIZED IMPRESSION CREEP TEST FOR BALL-GRID ARRAY (BGA) AND FLIP 
CHIP (FC) SOLDER JOINTS 
Indranath Dutta, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Semiconductor Research Corporation (SRC) 
 
OBJECTIVE: An invesigation into ball-grid arrays and flip-chip solder joints to ascertain impression 
creeping. 
 
KEYWORDS: Interfacial Creep, Fibrous Composites, Film Substrate  
 
 
THERMO-MECHANICAL BEHAVIOR OF ADAPTIVE LEAD-FREE SOLDERS FOR 
ELECTRONIC PACKAGING APPLICATIONS 
Indranath Dutta, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: U.S. Army Research Office 
 
SUMMARY: Developed adaptive Pb-free solders which can respond intelligently to externally applied 
loads so as to minimize the inelastic strain induced in the solder during thermo-mechanical cycling. The 
95.5sn3.8ag0.7cu solder, reinforced with a small volume fraction of shape-memory alloy (SMA) whiskers, 
was fabricated and tested under creep and thermo-mechanical cycling conditions, with the goal of obtaining 
a mechanistic understanding of the contribution of SMA to the inelastic strain.  
 
KEYWORDS: Interfacial Creep, Solder, Lead-Free, BGA, FC  
 
 
THERMOPHOTOVOLTAIC (TPV) POWER SYSTEMS 
Ashok Gopinath, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsors: Naval Sea Systems Command, Office of Naval Research International Field Office  
 
OBJECTIVE: To build and measure the performance of a moderate sized Thermophotovoltaic (TPV) 
device and model the energy transfer rates to carry out a design study of the parameters that influence its 
performance. 
 
SUMMARY: TPV technology is of great interest to naval reactors as a potential solution for direct energy 
conversion for submarine propulsion in the future. The device works by transfer of thermal energy by 
radiation from a high temperature emitter to a semiconductor collector placed in close proximity in which it 
is converted to electrical energy.  
 The primary work on this project was carried out in two parts. The major part was during the first half 
of CY-04 while the Principal Investigator was on sabbatical leave at the Fraunhofer Institute of Solar 
Energy Systems (ISE) in Freiburg, Germany. There he was involved in the successful development and 
construction of a full scale TPV system. The principal challenge was to design and successfully integrate 
the complex mix of the advanced technological sub-systems that make up the whole system. The Principal 
Investigator was the primary organizer and editor of the Sixth International Conference in TPV 
Technologies, which was held in Freiburg in June 2004. 
 An experimental phase of the project was also started at the Naval Postgraduate School to demonstrate 
high heat flux removal techniques, such as spray cooling, that are required for the back-end cooling of high 
power-density MTPV devices. Low cost commercially available industrial nozzle and spray components 
were used to study the role of water mass flux and droplet size on the removal of heat fluxes as large as 100 
W/cm2. 
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TURBINE CONVECTIVE COOLING CONCEPTS EVALUATION 
Ashok Gopinath, Associate Professor 
Jose O. Sinibaldi, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsors: Naval Air Systems Command, Naval Air Warfare Center, Naval Postgraduate School 
 
OBJECTIVE: To establish computational analysis tools and develop a prototype of a new Micro-Electro-
Mechanical Systems (MEMS)-based micro-heat exchanger turbine cooling concept. 
 
SUMMARY: This project is ongoing from FY-2001. The micro- heat exchanger is based on the concept of 
the use of pin fins in the narrow gap of a shroud enclosed turbine blade to obtain a large volumetric density 
of heat transfer area. As of CY-2004 a multi-physics based computational tool has been developed for the 
analysis of the proposed heat exchanger design to a satisfactory degree of fidelity. A scaled-up macro-rig 
has also been built and scaled-up Hx models have been used to successfully test the numerical models and 
gather empirical data. The primary thrust in CY-04 was to use MEMS-based techniques to construct the 
actual micro-Hx on wafers and etc them out and finally test them using a specially constructed micro-wind 
tunnel. Experiments were carried out using a high-pressure air bottle for the source of flow and the test 
section was carefully instrumented with strip heaters to provide the power input and thermocouples to 
measure inlet and outlet air temperatures. Pressure taps at the inlet and outlet were also used to measure 
pressure drop to rate Hx performance. Preliminary data was gathered which provided much needed 
evidence of corroboration of the numerical modeling and the scaled up experimental effort. The project 
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DEVELOPMENT OF AN ACTIVE MOTION COMPENSATION SYSTEM FOR ROLL-ON 
ROLL-OFF (RORO) OPERATIONS IN ELEVATED SEA STATES 
Joshua H. Gordis, Associate Professor 
Fotis A. Papoulias, Associate Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: Naval Surface Warfare Center, Carderock Division 
 
OBJECTIVE: The current stern ramp designs on many Navy ships (Cape T, Cape H, LMSR, etc.) used in 
roll-on roll-off operations has been determined to be structurally inadequate in sea state three and above. 
The prior year’s research involved the technical evaluation of two concepts for motion compensation 
systems to be placed between the foot of the ramp and the RRDF (barge) on which the ramp rests. The two 
concepts were proposed to Naval Surface Warfare Center (NSWC)/Carderock by two independent vendors, 
and Naval Postgraduate School (NPS) (Gordis/Papoulias) was funded by NSWC/Carderock to critically 
evaluate these concepts for effectiveness in reducing ramp stresses. The work performed last year 
conclusively demonstrated the ineffectiveness of both vendor concepts, and the thorough analysis of the 
problem, revealed what would be needed from a motion compensation system in order to effectively reduce 
the ramp stresses in elevated sea states, while carrying a vehicle. 
 
SUMMARY: The critical issues made plain by the prior research are two-fold. The elevated sea state 
induces large relative end-to-end twists on the ramp and, a vehicle that does not travel down the centerline 
of the ramp induces large stresses in the ramp. The research performed led to the development of a hybrid 
compensator system which addresses both of these issues: 1) ramp end-to-end twist due to barge roll 
motion, and 2) off-centerline vehicle loading. The pivoting support placed under the foot of the ramp (as 
proposed in similar forms by two commercial vendors, and evaluated by NPS) was augmented by active 
support arms which are mounted on the RRDF (barge) and which extend out and under the ramp, on each 
side. The research performed in 2004 developed this hybrid compensation system, and addressed the 
scheduling of the force required in each arm, as well as determined the optimal location of each support 
point on the underside of the ramp. Numerous simulations demonstrated that this system reduces peak 
stress in the ramp to levels well below allowable. 
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DRAG OPTIMIZATION OF LIGHT TRUCKS USING COMPUTATIONAL FLUID DYNAMICS 
Joshua H. Gordis, Associate Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: U.S. Army Tank-Automotive and Armaments Command 
 
OBJECTIVE: There are 80 million light trucks on the road today with suboptimal aerodynamic forms. 
Previous research found that several miles per gallon could be saved by specifically tailoring truck bodies 
for reduced aerodynamic drag. Even greater savings can be obtained if the shape of the trucks is 
numerically optimized. This could reduce fuel consumption in the United States by billions of gallons per 
year. 
 
SUMMARY: This research developed a method for drag reduction using Computational Fluid Dynamics 
(CFD) and traditional numerical optimization techniques. A method for efficient design variable reduction 
for CFD optimization of three-dimensional shapes is also presented and applied to light trucks. The 
optimized form is then physically constructed and installed on a recent model pickup truck. The vehicle is 
tested in several configurations and the effects on fuel economy are compared to the CFD prediction. The 
results indicate that the CFD formulation provides an accurate predictor for improving fuel economy and 
drag characteristics. The prototype air dam and optimally shaped canopy generated a 21.23% savings in 
fuel economy. This corresponded to an improvement in fuel economy from 19 mpg to 23.17 mpg. 
Ultimately, this research demonstrates a practical example of geometric optimization and validates the 
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INVESTIGATION OF COMMERCIAL TECHNOLOGIES WITH APPLICATION TO 
LITTORAL COMBAT SHIP (LCS) MODULARITY 
Joshua H. Gordis, Associate Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: Naval Surface Warfare Center - Panama City  
 
OBJECTIVE: The current development of the Littoral Combat Ship (LCS) is focused on providing 
“modularity” for the ship. The modular ship will allow reconfiguration for different missions, e.g., mine 
warfare (MIW), anti-submarine warfare (ASW) and surface warfare (SUW). Reconfiguration involves the 
“swapping” of systems, providing a “plug-and-play” open architecture combat platform. To this end, the 
movement, storage, and retrieval of mission systems and subsystems to and from the ship (into and out of 
mission module spaces), and the launch and recovery of systems (e.g., AUV) will require materials 
handling technologies. The objective of this project was to investigate available commercial materials 
handling technologies that have potential benefit to the LCS program, in the interest of avoiding 
“reinventing the wheel” and saving research and development costs.  
 




SUMMARY: A thorough investigation of commercial materials handling technologies provided a large 
variety of existing technologies in the following categories: materials handling, storage and retrieval, trucks 
and mobile equipment, containers, manufacturing industry, and robotics and automation. Many of these 
commercial technologies could be applied immediately to the LCS seaframe, and to other Naval 
applications as well. 
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DEVELOPMENT OF AUV TECHNOLOGIES 
Anthony J. Healey, Distinguished Professor 
Jeffrey D. Weekley, Research Associate 
Department of Mechanical and Astronautical Engineering 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: National University of Singapore 
 
OBJECTIVE: This project is sponsored by the National University of Singapore (NUS). First year work is 
aimed at developing the AUV WorkBench – a simulation system for mission planning and control for 
AUVs. The later phases will evaluate graduated nonconvexity algorithms developed using the AUV 
WorkBench for their performance in water trials using ARIES.  
 
SUMMARY: Results - The AUV Workbench. Another impediment to the effective use of multiple AUVs 
is the complexity of the mission planning and analysis tools. This complexity is necessary, but each vehicle 
shares much of the same requirements for mission planning, rehearsal and replay and therefore each of the 
software tools used for these activities share commonalities. For instance, all mission planning tools must 
plot waypoints in one form or another. All must have some way for analyzing the data gathered on a 
mission. For an individual operator, it is impractical to learn all of these tools. For organizations, it may not 
be feasible to retain a cadre of experts, one for each tool in order to be able to field multiple vehicles. This 
limits the ability to tactically deploy multiple AUVs. 
 A common mission planning and analysis tool was proposed as one possible solution. The AUV 
Workbench is such a tool. It is Java-based, componentized and can be customized. Custom buttons to 
launch separate applications can be placed on the right side of the window, mission scripts in extensible 
markup language (XML) or plain text can be loaded and viewed in two-dimensional (2D) and three-
dimensional (3D) views in the right panel, as well as simplified text in the upper left pane. The graphical 
views and the mission script are currently linked dynamically, if you change the text, the change is 
portrayed in the Mission Viewer. Other functionalities that are inherent in Java’s Graphical User Interfaces 
(GUI) are included in the workbench: the ability to redraw panels, input/output, tabular design, etc. 
 AUV Workbench Organization Overview. The AUV workbench consists of four main control threads. 
These threads communicate with each other either directly or over the network for required interaction. The 
individual threads are responsible for four distinct functions: mission execution; virtual world dynamics 
modeling and feedback; mission planning and generation; and mission visualization. 
 The mission execution thread runs the software from the actual AUV. It is a mirror copy of the code on 
board the vehicle. Utilization of the actual AUV software facilitates the development of control equations 
and algorithms, and enables the realistic rehearsal and fine-tuning of missions in a benign lab environment 
prior to attempting their execution in open water. By querying the mathematical model of the virtual world 
for telemetry data rather than onboard sensors, the AUV software can create for itself the illusion that it is 
operating in the water and the software will behave accordingly. The AUV Workbench currently contains 
two versions of the AUV execution software (with the primary differences being implementation 
programming language and useable command language options). They are compiled C code and Java. 
While these were both developed to run on vehicles operated by the Naval Postgraduate School (NPS), 




their behavior can be adapted to other vehicles by adjusting the control constants and by adding, deleting or 
changing control equations. The vehicle control algorithms can be tested and visualized with various 
mission scripts, against known hydrodynamics models. Any effort to provide precision control for an AUV 
requires an accurate estimation of both the vehicles physical and hydrodynamic parameters. Here, a vehicle 
model for controlled steering behaviors was developed and the hydrodynamic parameters were calculated 
from actual data obtained from operations.  
 The virtual world dynamics thread implements the AUV hydrodynamics mathematical model. When 
passed a telemetry string from the AUV execution thread, the model is applied, and then a follow-on 
telemetry string is generated to pass back to the AUV. Additionally, a Distributed Interactive Simulation 
(DIS) packet is broadcast over the network to drive the visualization thread of the workbench (as well as 
any other DIS-enabled visualization application that may be on the network). In addition to hydrodynamics 
modeling, the dynamics thread contains classes that are utilized to model the vehicle’s onboard sensors. 
Sonar data (or that from any other onboard sensor) can therefore be derived and encapsulated within the 
telemetry string and DIS packets to allow for the realistic feedback to the AUV execution software, and 
accurate mission visualization by the human operator. As with the execution software, the hydrodynamics 
mathematical model and sensor models currently in use were developed to model the vehicles operated by 
NPS, but can be arbitrarily adapted to other vehicles simply by modifying the control constants. 
 The visualization portion of the workbench contains a 3D viewer that utilized X3D or VRML models 
of the AUV and its virtual environment. By reading and interpreting the DIS packets as the come across the 
network, the viewer automatically animates the vehicle. It provides visual feedback on control settings, 
sensor effectiveness and utilization. 
 The final portion of the workbench provides a means of authoring and testing individual missions 
symbolically using the Graphical User Interface. Missions generated by the workbench take the form of a 
generic XML-based AUV Script Command Language (the schema currently supports mission scripting, 
telemetry, sensor archiving and reporting, and inter-vehicle communication). Once a mission has been 
generated, it is a fairly simple matter to use XSLT to convert it to any of a number of AUV command 
formats that are capable of running on specific vehicles. To date, transformations have been developed to 
convert automatically this language to command formats for two vehicles currently or previously operated 
by the NPS. Additionally, this generic language can be run natively by one of the two versions of execution 
software packaged with the AUV Workbench. 
 Mission Planning. Many AUVs share commonalities that allow for the development of a common tool 
for mission planning. Waypoints, speed, heading, depth, and mission duration are some common features 
of almost every AUV mission. There has been extensive study in what constitutes effective coverage for 
minefield clearance and it will not be discussed in this paper. However, there are not only common features 
within the mission plan, but there are also commonly found mission plans. “Mowing the Lawn” is a typical 
mission track and is often repeated regularly, with only minor changes made for local conditions. It has 
been difficult in the past to plan a mission for one vehicle, and then apply that exact same mission plan to 
another vehicle to allow for true comparison and experimentation. The missions must be approximated due 
to the differences in the planning tools. A common tool that “styles” each mission script to its appropriate 
vehicle would allow for experimentation and validation of archetypal missions across various vehicles. 
 The AUV Workbench currently supports a simple, text-based mission script, but it also supports the 
use of XML-based mission scripts. It can also be extended to include custom applications that can be 
launched in a separate process by adding buttons to the right of the panels. This becomes a very convenient 
way for users to bundle applications that they commonly use with AUV mission planning. 
 Mission Simulation. Experimental AUVs are the result of many years of effort. Other AUVs are 
expensive. None of them are trivial or insignificant assets. It is important, especially when doing research 
into new tactics and techniques, to be able to test and simulate. The AUV Workbench is valuable in this 
regard. A user can test, simulate and visualize missions, new control algorithms and even new vehicles in a 
controlled environment, safe from the rigors of the underwater environment. It allows systems and software 
to be thoroughly tested before they are implemented onboard an AUV. The networking capability allows 
even remote viewing of mission simulations by using the Distributed Interactive Simulation (DIS) protocol. 
(See Distributed Interactive Simulation Working Group of the Web 3D Consortium 
http://www.web3d.org/WorkingGroups/vrtp/dis-java-vrml/) 
 Network Support for Distributed Simulations. Because the AUV Workbench uses the Distributed 
Interactive Simulation (DIS) Protocol to generate network traffic, the missions it generates can be 
visualized across a local or wide area network. DIS is the Institute of Electrical and Electronics Engineers, 




Inc., (IEEE) recommended practice for networked simulations, DIS is packet-oriented and is a natural 
match for UDP/Multicast/Broadcast over IP. 
 From the DIS-Java-VRML Working Group of the Web 3D Consortium, "The primary mission of DIS 
is to define an infrastructure for linking simulations of various types at multiple locations to create realistic, 
complex, virtual "worlds" for the simulation of highly interactive activities. This infrastructure brings 
together systems built for separate purposes, technologies from different eras, products from various 
vendors, and platforms from various services and permits them to interoperate. DIS exercises are intended 
to support a mixture of virtual entities (human-in-the-loop simulators), live entities (operational platforms 
and test and evaluation systems), and constructive entities (wargames and other automated simulations). 
The DIS infrastructure provides interface standards, communications architectures, management structures, 
fidelity indices, technical forums, and other elements necessary to transform heterogeneous simulations 
into unified seamless synthetic environments. These synthetic environments support design and 
prototyping, education and training, test and evaluation, emergency preparedness and contingency 
response, and readiness and warfighting. (See http://www.web3d.org/WorkingGroups/vrtp/dis-java-
vrml/AnnotatedReferences.html#DIS.) 
 The AUV Workbench produces standard data packets for DIS, called Entity State Protocol Data Units 
(ESPDU). These ESPDUs contain an entity’s position (in x,y,z coordinates), velocity, acceleration, angular 
velocity, angular acceleration, and orientation. They also contain “articulation parameters,” which handles 
things such as thruster orientation on an AUV. The ARIES AUV model was created using X3D-Edit. (See 
http://www.web3d.org/TaskGroups/x3d/translation/README.X3D-Edit.html.)  
 Since DIS is an IEEE standard, anyone can buy the standard and write an implementation. Some 
commercial implementations exist, but a free Java implementation from NPS is available. (See 
http://web.nps.navy.mil/~brutzman/vrtp/dis-java-vrml.) 
 The ESPDUs for a given entity each have a unique identifier called out in the header of the packet. The 
object or model in the virtual world can then “listen” for its unique identifier and is driven around the 
virtual world based on the entity state communicated in the data packet. The protocol has safeguards for 
lossy networks, such as a five-second dead reckoning and virtual world course correction for temporary 
periods when no packets have been received. The header information is encoded from the field values 
shown in Figure 5. 
 Server-Side Support. As AUVs and other data collectors become more ubiquitous, it will be 
increasingly challenging to manage all these data. On recent exercises such as Millennium Challenge ’03, 
data was collected by handing an operator a diskette with the mission data. It was then processed by a 
technician and uploaded to a local computer. This process, while robust, was very labor intensive. 
 With XML-based mission results, this process can be automated fairly easily. In the AUV Workbench, 
the results are gathered from multiple sources and simply pushed up via the web to a server. Because these 
files contain sufficient meta-data, the server can automatically sort, file and even validate the information 
based on a Schema. From this web archive, mission results can be presented in easily understood ways, 
such as hypertext markup language (HTML) pages and X3D replay of missions. Large-scale mission 
repositories can be made available for research and tactical exploitation. 
 Real World Results. Currently, there are no data-rich AUV mission archives widely available on the 
World Wide Web. The data are ephemeral. Archival information is often limited to MATLAB® generated 
plots and HTML pages with imagery, but none of the actual mission data. This limits the ability of others to 
scrutinize and analyze the data. Adopting a common AUV Tactical Mission Language would allow for the 
auto-generation of web-based archives.  
 This web-based archive could be viewed in a web browser, the data analyzed either by machine or by 
humans in 2D or 3D; it could be transformed via XSLT to other data formats and even imported into other 
mission planning tools for further experimentation. Of course, it could also be obscured and encrypted, by 
any means that is commonly available for other web-based information. 
 Web-based Replay of Missions. There are over 800 model components and models available there, 
including many AUVs and underwater mines. These models are typically formatted such that they can be 
automatically inserted into a computer-generated scene. As such, they can greatly aid in the analysis by 
creating visual cues for the analyst. (See http://www.stl.nps.navy.mil/~brutzman/Savage/contents.html.) 
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NAVAL POSTGRADUATE SCHOOL (NPS) ARIES FORWARD LOOK SONAR INTEGRATION 
Anthony J. Healey, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Douglas P. Horner, Research Associate 
Department of Information Sciences  
Sponsor: Office of Naval Research 
 
OBJECTIVE: The long-term goal of this project is to increase the level of autonomy in AUVs as they are 
being used for more complex missions than mine countermeasures. Part of this increase in autonomy will 
rely on obstacle detection and avoidance and will require a forward looking sonar (FLS) suitable for small 
vehicles. In the past year, the Naval Postgraduate School (NPS) Center for AUV Research has temporarily 
mounted a University of Washington Applied Physics Lab (UW: APL) Blazed Array Forward Looking 
Sonar (FLS) on the NPS ARIES AUV and has conducted several data collection tests in Monterey Bay. The 
goal of the collection was to provide realistic data for researchers to develop obstacle avoidance (OA) 
algorithms for small AUVs. In July 2004, NPS took delivery of a prototype FLS and mounted it on ARIES. 
With the FLS installed on ARIES, opportunities for data collection and analysis of the sonar data were 
increased. This also provided an opportunity to begin integrating OA algorithms aboard the ARIES vehicle 
for analysis. 
 
SUMMARY: Results - Images were gathered using the ARIES AUV in both horizontal and vertical 
orientations. These images were analyzed and pitch stabilized for multiple ping-ping correlation for target 
detection and assessment. Source: LCDR D.J. Danko, USN, Naval Postgraduate School Thesis, September 
2004, (http://www.cs.nps.navy.mil/research/auv/theses/danko/04Sep_Danko.pdf). This work is leading to 
the development of on-line real time obstacle avoidance algorithm.  
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SUPPORT FOR AUTONOMY STUDY 
Anthony J. Healey, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Undersea Warfare Center - Newport Division 
 
SUMMARY: Conducted a study of the autonomy capabilities of potential suppliers for AUV 
autonomy/mission control software for future Naval autonomous underwater vehicles.  
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TACTICAL DECISION AIDS (HIGH BANDWIDTH LINKS USING AUTONOMOUS 
VEHICLES) 
Anthony J. Healey, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Douglas P. Horner, Research Associate 
Department of Information Sciences  
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop tactical decision aids (TDA) for using small autonomous underwater vehicles in 
very shallow water (VSW) environments. TDAs enable operators to view data gathered by these vehicles 
and make informed decisions as to the conduct of mine counter measures (MCM) operations. This project 
will examine the use of command and control vehicles to aid in reducing latency of decision making and 
improvements to overall MCM reliability using multiple vehicles. A large part of this work is to reduce 
latency of decision making using systems of autonomous underwater vehicles (AUVs) and high speed, high 
bandwidth communications links. 
 The objectives in 2004 were to demonstrate high bandwidth communications links between multiple 
vehicles. This included underwater, surface and aerial vehicles equipped with 802.11 wireless bridges and 
amplifiers. The objectives were to transfer video sized files at high rates leading to the use of full video 
data for target evaluation and decision making. In these experiments, forward looking sonar files were 
collected by the Naval Postgraduate School (NPS) ARIES AUV and transferred through the high bandwidth 
link to a command center.  
 
SUMMARY: The operational requirements for developing this technology are  
 
• Robust communications for command and control and data transfer are required for teams of 
vehicles deployed in an area to scout and report on oceanographic conditions and the mine 
threat.  
• Collected data is voluminous and requires a high bandwidth data link. 
• Data needs to be collected and distributed quickly for rapid operational planning.  
• Not all vehicles may return from missions – the data still needs to be collected.  
 
The solution offered by this technology provides unmanned systems with high bandwidth communications 
(currently 802.11b) using a UAV as a bridge between an AUV and a command cell located some distance 
from the AUV. The technology also automates the path of the UAV to optimize the link between the 
groups of vehicles. 
 Work Completed: This year NPS participated in four exercises, the Surveillance and Target 
Acquisition Network (STAN)-5, 6, and 7 exercises, and the Combined Joint Task Force Experiment 
(CJTFEX) ‘04 exercise, held at Camp Lejeune, North Carolina. These exercises formed a continual series 
of developments that include both an opportunity for experiment as well as a demonstration of ever-
increasing levels of autonomy and networking complexity and speed. The STAN experiments were funded 
separately by U.S. Special Operations Command (USSOCOM) and NPS and formed a natural way to 
multiply the results and effectiveness of the work funded by this project. 
 Results: Stan-5 (February 2004 - Camp Roberts, California) - NPS ARIES was fitted with 802.11b 
CISCO 3150, radio ethernet bridge and a similar bridge on a V6 TERN aerial vehicle. During this 
experiment, file transfer data was demonstrated between the ARIES vehicle and the TERN at various 




ranges. Experiments were conducted using 3 dbi, 5 dbi, omni- and directional antennae, as well as a 1 watt 
amplifier inside ARIES and the TERN. File transfer data were gathered and demonstrated at a range of 1 
km, for a flight altitude of 300-500 feet with data rates between 160 and 300 Kbps. 
 Stan-6 (May 2004 - Camp Roberts, California) - In this experiment ARIES was operated in Lake 
Nacamiento with a tethered balloon, as well as the TERN aerial vehicle. ARIES was located in the Lake 
approximately 11 km from the Command Center at MacMillan field. The surfaced ARIES transmitted a 
video sonar data file to the TERN operated by USSOCOM, V-6 forces controlled to fly autonomously over 
Lake Nacamiento. File data was received at the Command Center as soon as the TERN was seen circling 
above the Lake. Data transfer rates were variable but averaged about 300 Kbps. Key to the success of the 
experiment over this range was the use of the high gain receiver and a tracking antenna (K2) at the 
Command Center to track the TERN. Similar experiments were conducted using a tethered balloon as the 
relay link. As long as the balloon was visible at MacMillan Field Command Center, the file transfer was 
made. High winds occasionally reduced the balloon height so that the link bandwidth was reduced when 
line of sight was lost. Occasional outages simply slowed the overall net rate, but the link was not destroyed.  
 CJTFEX-04-2 (June 2004 - Camp Lejeune, North Carolina) - A complete report of the activity during 
CJTFEX 04-2 is beyond the scope of this report to describe all aspects of the work. In a quick summary, 
the ARIES AUV was equipped with the Cisco AERONET 350 802.11b wireless bridge for high data rate 
transfer using a 1 watt compatible antenna, and an aerial vehicle TERN carried a separate bridge package. 
The TERN, which crashed on first flight, was substituted by a balloon. Data gathered over various ranges 
from the surface AUV through the balloon relay and a high gain tracking antenna (K2) showed solid 
performance and data rates to 300 Kbps over ranges up to 20 Km. 
 The NPS objectives for the ARIES/TERN system during CJTFEX 04-2 were to 
 
• Demonstrate high bandwidth links for sonar and/or video file transfer between the ARIES AUV, 
the TERN UAV and the K2 Tactical Operations Center  
• Demonstrate 802.11b network links for AUV and UAV assets over distances greater than 4km at 
200-300 kbps.  
 
Tests were conducted on 7 and 9 June to determine the maximum range of the 802.11b link. Tests were 
conducted on 6 and 8 June to determine the file transfer rates of various network configurations.  
 The NPS ARIES/TERN mission was a qualified success. The mission demonstrated the ability to create 
a stable 802.11b network with three nodes with a total length of 27 km. Data files were moved along the 
network at file transfer rates ranging at a maximum of 800 Kbps down to 160 Kbps at maximum node 
separation (max range).  
 The primary objective of these Office of Naval Research (ONR) observations was to assess the 
military utility and application of participating OMCM Future Naval Capabilities (FNC) systems in a real-
world exercise environment. It appears that 802.11b technology does represent one means of providing a 
high bandwidth (200 to 800 Kbps) link between autonomous and unmanned vehicles and other network 
nodes using standard Windows networking. The architecture is relatively simple to set up, uses 
commercial-off-the-shelf (COTS) components and is relatively secure.  
 Stan 7 (17-20 August 2004 - Monterey Bay, California, and Camp Roberts, California) - These 
experiments, while far from complete, demonstrated the use of very high bandwidth data relays from a 
surfaced ship at 12 Km out in Monterey Bay to Camp Roberts over 100 miles away with data rates up to 6 
Mbps. This ultra high speed was obtained using an orthogonal frequency-division multiplexing (OFDM) 
communications protocol under the 802.16 standard. While the equipment is not yet miniaturized for 
deployment in small AUVs, the capability was demonstrated well offshore. 
 Related Work: In related work, Captain Jack Nicholson completed his Doctoral dissertation, which 
dealt with autonomous rendezvous between autonomous underwater vehicles for the purposes of close-in 
formation flying to transfer high speed data underwater at close range. High bandwidth underwater may 
eventually be possible at short range. Experimental work validated the use of autonomous planning and re-
planning using energy and time optimal concepts. Also tied to this project was the work in obstacle 
avoidance control for the REMUS AUV under the assumptions of perfect detection of underwater obstacles. 
Vertical plane detection and avoidance was reported following the work of earlier thesis students.  
 Transitions: High-speed data transfer using 802.11 and 802.16 technologies is expected to transition 
into the Navy’s UUV acquisition program in the future. 




 Related Projects: The related project is titled “NPS ARIES Forward Look Sonar Integration,” in which 
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ADVANCED COMPRESSOR STUDIES PROJECT 
Garth V. Hobson, Professor 
Raymond P. Shreeve, Professor Emeritus 
Department of Mechanical and Astronautical Engineering  
Sponsor: Naval Air Warfare Center, Aircraft Division 
 
SUMMARY: An invited paper on the three-component measurements of the flow aft of the second-
generation controlled-diffusion blades in cascade was presented at the 2003 American Society of 
Mechanical Engineers (ASME) Turbo Expo. The paper was also accepted for publication in the ASME 
Journal of Turbomachinery. 
 Performance measurements were completed on the Sanger transonic fan stage, with a steel casing and 
minimum tip gap. The measurements were taken at 50, 60, 70, 80, 90 and 100% speed lines from full open 
throttle to surge at all speeds. Two papers were presented at the ASME Turbo Expo 2004 in Vienna, 
Austria. Subsequent rotor-only testing was completed and numerical predictions of this configuration were 
also completed with the National Aeronautics and Space Administration (NASA) codes SWIFT (steady 
state) and TURBO (which has unsteady calculation capability). A complete rotor simulation with TURBO 
is currently underway. 
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COMPRESSOR INLET DISTORTION 
Garth V. Hobson, Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: Naval Air Warfare Center, Aircraft Division 
 
OBJECTIVE: To develop and validate tools for the inlet distortion for an advanced compression system 
for Navy engines. To predict transfer function using the CFD code MSU-Turbo for an F414-GE-400 three 
stage fan and compare it to test data. To develop transient models for thermal and pressure distortion for the 
F414-GE-400 fan stages. To assist Naval Air Systems Command (NAVAIR) engineers in predicting 
performance of F110-GE-400 using the transient models. To interface with General Electric 
(GE)/NAVAIR on correlating the prediction to test data. 
 
SUMMARY: The Silicon Graphics (SGI) workstations within the Department of Mechanical and 
Astronautical Engineering have been configured as a parallel cluster, which have been used to run various 
small problems with TURBO. Steady and unsteady calculations have been performed on single blade-row 
problems of the Naval Postgraduate School (NPS) transonic compressor, National Aeronautics and Space 
Administration (NASA) rotor 67 and the exit guidevane of the F414-GE-400 compressor (Step1A). 
 In collaboration with Dr. Steven Gorrell at Wright Patterson Air Force Base (WPAFB), the computation of 
a full stator row of the F414 three-stage fan was completed on the Naval Oceanographic Office (NAVO) 
supercomputer cluster. A Challenge Project proposal was awarded for the computation of the whole three-
stage compressor, and current calculations were performed on the Aeronautical Systems Center (ASC) 
Major Shared Resource Center (MSRC) at WPAFB. These calculations were performed with pressure and 
temperature inlet distortion profiles, which were experimentally simulated. 
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CROSS-FLOW FAN STUDY 
Garth V. Hobson, Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: National Aeronautics and Space Administration - Glenn Research Center 
 
OBJECTIVE: To demonstrate the potential of the Cross-Flow Fan (CFF) for use on personal Vertical 
Take Off and Landing (VTOL) airplanes, as postulated by Gosset. The CFF is an underdeveloped fan, 
which should have significant development potential using modern computational analysis and 
experimental measuring techniques. Although the Vought Systems Division of LTV study yielded 
significant results, the optimum blade design, blade number, fan diameter and span, and size and 
arrangement of the high and low-pressure cavities remain to be determined. Also, the most lightweight fan 
using composite materials remains to be demonstrated. A further improvement could be achieved by 
combining the cross-flow fan with a thrust-augmenting ejector. A combined computational and 




experimental program was undertaken to determine and demonstrate the optimum cross-flow fan 
configuration. 
 
SUMMARY: The 12-inch CFF was successfully run at 7,000 rpm during which performance data were 
measured. Flow visualization was performed at 5,000 rpm. At 6,000 rpm a thrust-to-power ratio (lbf-to-hp) 
of one was measured, however at 3,000 rpm a thrust-to-power ratio of two was measured. Next, a complete 
performance map was measured over the speed range from 2,000 to 6,000 rpm from choke (open throttle) 
to stall (closed throttle). 
 The numerical (CFD) prediction was performed by modeling all 30 rotor blades with the rotor spinning 
at 3,000 rpm. Qualitative comparisons were made between the experimental and computational flow 
visualization. A paper documenting the experimental and numerical results was presented at the American 
Society of Mechanical Engineers (ASME) Turbo Expo. 
 Subsequent testing was conducted on a 6-inch CFF with measurements of efficiency in excess of 75%. 
The increase of efficiency was achieved by modifying the exhaust duct profile. All testing to date was 
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AN EXPERIMENTAL AND COMPUTATIONAL INVESTIGATION OF OSCILLATING 
AIRFOIL UNSTEADY AERODYNAMICS AT LARGE MEAN INCIDENCE 
Kevin D. Jones, Research Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: University of Kentucky 
 
OBJECTIVE: To evaluate the capability of current state-of-the-art unsteady aerodynamic models to 
predict the oscillating airfoil response of compressor airfoils over a range of realistic reduced frequencies, 
Mach numbers, and loading levels through correlation with benchmark data. 
 
SUMMARY: Initiated transition calculations with the SWG model of the National Aeronautics and Space 
Administration (NASA) Transonic Flutter Cascade (TFC) using the locally developed two- dimensional 
flow solver NSTRANS for the low angle-of-attack experimental data at an inlet Mach number of 0.5. 
Solutions exhibited a pressure plateau in the leading edge region following the suction peak, which was not 
found with the fully turbulent solution. Additionally, negligible sensitivity to variations in grid resolution 
was found. A study on the influence of transition onset location and the length of a suction surface 
separation bubble was conducted. It was found that more downstream transition onset locations slightly 
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DEVELOPMENT AND FLIGHT OF A SHIPBOARD AUTOLAND SYSTEM FOR THE SILVER 
FOX UAV 
Isaac I. Kaminer, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Office of Naval Research 
 
SUMMARY: A complete shipboard autoland system for Silver Fox was developed and tested in a 
hardware-in-the-loop simulation, followed by a series of successful flight tests. The system assumed a 
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DEVELOPMENT OF THE MODELING AND SIMULATION TOOLS GROUND FOR GUIDED 
AIRDROP SYSTEMS 
Isaac I. Kaminer, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: U.S. Army Yuma Proving Grounds 
 
SUMMARY: An eight degree of freedom (DOF) model of a generic parafoil was developed and verified 
using air drop data for the Pegasus parafoil. In addition, vision based algorithms for position and attitude 
estimation of a payload were developed and tested using preliminary video data obtained from Yuma 
Proving Grounds. 
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UV AND NETWORK EXPERIMENTATION 
Isaac I. Kaminer, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Postgraduate School 
 
 
A TOTAL SHIP SYSTEMS ENGINEERING ANALYSIS OF THE THERMAL MANAGEMENT 
OF AN ALL-ELECTRIC SHIP 
Matthew D. Kelleher, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To perform an analysis of the thermal management and cooling needs of an all-electric 
ship. 




COMPETENCY EDUCATION PACKAGE FOR AIRCRAFT STRUCTURES 
Ramesh Kolar, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Air Systems Command 
 
SUMMARY: Developed, updated, and taught short courses in aircraft fracture and fatigue and aircraft 
practical stress analysis for Naval Air Systems Command (NAVAIR) and Naval Aviation Depots-Cherry 
Point (NADEP), North Island and Jacksonville engineers and officers in structure competency.  
 
 
FINITE ELEMENT MULTIDISCIPLINARY ANALYSIS OF FLIGHT VEHICLES 
Ramesh Kolar, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Stirling Dynamics 
 
SUMMARY: An existing computational fluid dynamics (CFD) code was used to couple structural, 
aerodynamic, and flight controls interaction. In Phase I, criteria were established for critical performance 
and operation bounds, basic principles and concepts, spatial and temporal discretization and related 
methods of solution. Performance of FEMA tools with other solutions was evaluated. A pilot code that 
simulates CFD-structure-control integration to depict the effectiveness of the presently developed algorithm 
was developed. Several algorithms for design optimization for integration into FEMA tools were identified.   
 
 
INTEGRATED SOFTWARE TOOLBOX FOR AEROELASTIC MODELING AND DYNAMIC 
STABILITY ANALYSIS OF AIR VEHICLES 
Ramesh Kolar, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Scientific Systems Company, Inc. 
 
OBJECTIVE: Different disciplines and innovative algorithms need to be incorporated into integrated 
system required to simulate nonlinear flight permformance characteristic of an advanced flight vehicle 
undergoing rapid maneuvering together with survivability. 
 
  
DAMAGE IN PARTICULATE COMPOSITES: MOLECULAR DYNAMICS AND 
MICROSTRUCTURAL STUDY 
Young W. Kwon, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: Numerical micro/macro modeling and simulation technique was developed and evaluated 
against experimental results. Studied effects of microstructures on local damage initiation and growth, 
interaction, global effect, and molecular dynamics modeling for micro-structural variation of strain fields.  
 
 
THE MECHANICAL AND MICROSTRUCTURAL CHARACTERIZATION OF COMMERCIAL 
AA5083 MATERIALS 
Terry R. McNelley, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsors: University of Texas at Austin and General Motors Corporation 
 
OBJECTIVE: To determine the mechanisms of elevated temperature deformation and failure under 
uniaxial, plane strain and biaxial deformation conditions. The microstructure dependence of the transition 
from grain boundary sliding to solute-drag controlled dislocation creep and the mechanisms of failure by 
cavity formation and growth during superplastic deformation under these various loading conditions will 
also be determined. 




SUMMARY: Superplastic forming of aluminum alloys has become an established technology for 
aerospace systems and is being used increasingly in transportation and other applications. The commercial 
alloy AA5083 is an aluminum-magnesium-manganese that provides a combination of elevated temperature 
forming characteristics, corrosion resistance, weldability, and post-forming mechanical properties that 
make it suitable for a wide range of components. This alloy is currently being utilized in an innovative 
application, termed Quick Plastic Forming (QPF) by General Motors Corporation, which involves forming 
of sheet metal parts by differential gas pressure at elevated temperature. There are two particular 
difficulties in advancing this technology: 1) empirically developed methods for production of fine-grained 
AA5083 sheet material result in high cost, and 2) available sheet materials often exhibit widely different 
ductility values at elevated temperature even when their grain sizes, textures and grain boundary 
characteristic are essentially identical. In this research program, newly developed orientation imaging 
microscopy and related microtexture methods are being employed to investigate grain size refinement 
during thermomechanical processing and transitions from grain boundary sliding to dislocation deformation 
mechanisms. Of particular concern are the relationships among alloy constitution, deformation mechanism, 
and failure by the formation and coalescence of cavities. The influence of stress state will be considered as 
well by including materials deformed under balanced biaxial tension and plane strain conditions as well as 
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MICROSTRUCTURE EVOLUTION AND CONTROL DURING FRICTION STIR PROCESSING 
(FSP) OF CAST NIAL BRONZE MATERIALS 
Terry R. McNelley, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Defense Advanced Research Projects Agency  
 
OBJECTIVE: To determine the effect of friction stir processing (FSP) on the microstructure and 
properties of a cast NiAl bronze (NAB) material utilizing various micro-analytical methods as well as 
conventional mechanical testing. Of particular concern is to determine the mechanisms of microstructure 
refinement during FSP and the temperature distributions associated with this process. 
 
SUMMARY: NAB materials are copper-based alloys that are widely used to produce cast components for 
marine applications due to excellent corrosion resistance; good fracture toughness combined with moderate 
strength; low coefficients of friction and good wear characteristics; non-sparking behavior; high damping 
capacity; and good fatigue resistance. Many cast components produced in NAB involve thick sections and 
the slow cooling rates contribute to coarse microstructures and reduced physical and mechanical properties. 
Porosity is a particular problem. In many NAB applications it would be desirable to have a means to reduce 
the porosity as well as alternative methods available to selective strengthen the surface layers of cast 
components. During FSP, friction between a rotating tool and the surface of the material results in a 
‘stirring’ action that, in turn, produces adiabatic heating and local softening. The tool rotation results in 
very large deformations in the softened regions, and thus microstructure refinement and homogenization 
leading, in turn, to improved strength and ductility in processed material. FSP may also result in closure of 
porosity and redistribution of inclusions thus conferring improved corrosion resistance. The influence of 
FSP on NAB materials will be examined by various methods including conventional scanning electron 
microscopy, orientation imaging microscopy, transmission electron microscopy, and related 
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ULTRA-FINE AND NANO-GRAIN MICROSTRUCTURES BY SEVERE PLASTIC 
DEFORMATION 
Terry R. McNelley, Distinguished Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Supervisor of Shipbuilding 
 
OBJECTIVE: To determine mechanisms by which ultra-fine grain structures form in severely deformed 
materials, such as those processed by equi-channel angular (ECA) pressing 
 
SUMMARY: Ultra-fine grain sizes in the sub-micrometer or even nanometer range can be achieved in 
metallic materials by imposing extremely large plastic strains during deformation processing. Such grain 
refinement will result in drastic improvements in strength/toughness combinations for structural 
applications, as well as in improved ductility during elevated temperature forming. Methods such as ECA 
pressing are required in order to impart stains large enough to produce such refinement. ECA pressing is 
accomplished by pressing a billet of material through a die having two channels, of equal cross-section, that 
intersect at an angle. In such a circumstance, the billet experiences simple shear without change in cross-
sectional area and so the process is amenable to repetition. Billet rotation between successive pressing 
operations allows the shear plane orientation to be changed in order to achieve further control of 
microstructural refinement. The characteristics of the grain structures and, especially, the nature of the 
grain boundaries produced by such processing have remained in question. However, grain-to-grain 
misorientations may be readily determined by newly developed computer-aided electron backscatter pattern 
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ADVANCED MARINE GAS TURBINE TECHNOLOGY PROGRAMS 
Knox T. Millsaps, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Surface Warfare Center, Carderock Division 
 
SUMMARY: Supported the Advanced Technology Group Manager (Code 91) in the Marine Gas Turbine 
Branch of Naval Surface Warfare Center (NSWC), Carderock Division, for the life cycle support of the 
ship service and main propulsion gas turbines. This work included providing analysis and methodologies 
for the detection and localization of compressor fouling for condition-based maintenance.  
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COURSE MATERIAL FOR COMMERCIAL AIRCRAFT SURVIVABILITY: TOOLS FOR 
DECISION ANALYSIS 
Knox T. Millsaps, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Department of Homeland Security 
 
SUMMARY: Provided course materials on commercial aircraft vulnerability to terrorist action for CS3660 
- Critical Infrastructure Protection. This material included an overview of the threats, an analysis of current 
vulnerabilities, and analysis tools to enable policy-makers to take off various options for improving 
commercial air transportation resilience.  
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DESIGN AND VALIDATION OF REDUCED SIGNATURE EXHAUST SYSTEM FROM THE 
LHAR II MAIN PROPULSION ENGINES 
Knox T. Millsaps, Associate Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Surface Warfare Center, Carderock Division 
 
SUMMARY: Supplied design and engineering services to support reducing infrared plume and surface 
thermal signatures on the LHAR II naval combatants.  
 
KEYWORDS: Reduced Signature Exhaust, LHAR II, Plume, Infrared 
 
 
ADVANCED TOTAL SHIP SYSTEM ENGINEERING AND OPTIMIZATION 
Fotis A. Papoulias, Associate Professor  
Department of Mechanical and Astronautical Engineering 
Sponsor: Advanced Technology Development Technical Institute 
 
OBJECTIVE: To educate American youth about career opportunities in naval architecture and marine 
engineering (NA&ME) through a pre-college program for ship design.  
 
KEYWORDS: TSS, NA&ME, Youth Program, Ship Design 
 
 




ROBUST DISTRIBUTED CONTROL OF SHIPBOARD SYSTEMS 
Fotis A. Papoulias, Associate Professor  
Department of Mechanical and Astronautical Engineering 
Sponsor: Office of Naval Research 
 
SUMMARY: Supported work performed by Nutech Solutions, Inc. on robust distributed control of 
shipboard systems, utilizing a multi-agent approach, for the Office of Naval Research.  
 
KEYWORDS: TSS, Nutech, Robust Distributed Control, Multi-Agent  
 
 
AUTONOMOUS DOCKING AND SPACECRAFT SERVICING 
Marcello Romano, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory (Space Vehicle Directorate) 
 
OBJECTIVE: This on-going research aims to advance the knowledge in the field of autonomous 
proximity navigation, autonomous docking, and servicing between two spacecraft. The capability of 
successfully dock and transferring fuel between two unmanned spacecraft may bring to breakthrough 
applications for both Department of Defense (DoD) and civilian missions. The research focuses on the 
dynamics, control and autonomy aspects and is centered about the Autonomous Docking and Spacecraft 
Servicing (AUDASS) test-bed. This test-bed, which is in the advance design and integration phase, consists 
of two spacecraft vehicle simulators, which float via air-pads on a flat surface, in order to simulate in two-
dimensions the micro-gravity conditions. 
 
SUMMARY: During FY04, autonomous proximity navigation of the chaser vehicle simulator in the 




Romano, M., “Ongoing Research Using an On-the-Ground Simulator of Autonomous Docking and 
Spacecraft Servicing,” Dynamics and Control of System and Structure in Space, Riomaggiore, Italy, July 
2004. 
 
CONFERENCE PUBLICATION:  
 
Romano, M., “An On-the-Ground Simulator of Autonomous Docking and Spacecraft Servicing for 
Research and Education,” The International Society for Optical Engineering (SPIE) Spacecraft Platforms 
and Infrastructure Symposium, SPIE, 5419-19, Orlando, FL, April 2004.  
 
STUDENT PARTICIPATION:  
 
LT Tracy Shay, involved in designing an upgrade chaser vehicle simulator. 
 
LT Diallo Wallace, involved in developing a vision sensor for docking with a passive satellite. 
 
LT David Friedman, involved in studying and testing control laws for the docking maneuver. 
 
KEYWORDS: Spacecraft Docking, Space Robotics, Machine Vision, On-the-Ground Testing 




DEPLOYMENT OF MULTIPLE SPACECRAFT: COORDINATION, CONTROL, AND 
OPTIMIZATION 
I. Michael Ross, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Reconnaissance Office  
 
 
PSEUDOSPECTRAL METHODS FOR OPTIMAL TRAJECTORIES BY IMPLICIT 
SIMULATION (OTIS) 
I. Michael Ross, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Aeronautics and Space Administration - Glenn Research Center  
 
SUMMARY: Advised the Optimal Trajectories by Implicit Simulation (OTIS) upgrade team at the 
National Aeronautics and Space Administration (NASA) on matters regarding the use of pseudospectral 
methods for trajectory optimization.  
 
KEYWORDS: OTIS, NASA, Pseudospectral, Trajectory 
 
 
RAPID TRAJECTORY GENERATION FOR ENTRY VEHICLES 
I. Michael Ross, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Air Force Research Laboratory  
 
SUMMARY: Investigated the use of pseudospectral methods for real-time trajectory generation for entry 
vehicles.  
 
KEYWORDS: Pseudospectral, Trajectory, Entry Vehicles 
 
 
REAL-TIME OPTIMIZATION FOR SLEW-MANEUVER DESIGN AND CONTROL 
I. Michael Ross, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Reconnaissance Office  
 
SUMMARY: This was an unclassified project. The objective of this multi-year, multi-faculty research was 
to develop, simulate and ground-test the feasibility of a revolutionary real-time-optimization algorithm for 
spacecraft slew maneuvers. This research has a potentially large payoff for military spacecraft that require 
rapid maneuvering. This research focused on the development of the algorithm and the software, while a 
companion proposal by Professor Loomis, et al., focused on the development of the flight-ready processor 
on which the algorithm can be hosted. At the end of the third year, the expected outcome of this research 
work is a laboratory demonstration of this advanced attitude maneuver for NPSAT1, a Naval Postgraduate 
School (NPS) satellite.  
 
KEYWORDS: Spacecraft Slew Maneuver, NPSAT1  
 
 
THE BEHAVIOR OF AIRCRAFT WAKES IN GROUND EFFECT 
Turgut Sarpkaya, Distinguished Professor Emeritus 
Department of Mechanical and Astronautical Engineering 
Sponsor: National Aeronautics and Space Administration - Langley Research Center 
 
SUMMARY: This was fundamental/applied fluid dynamics research regarding the roll-up of aircraft 
vortex wakes in ground effect. The objectives were to identify, review, and contrast the existing models; 
identify the areas that need improvement; propose a new model with rationale for expected improvement; 




and work with the National Aeronautics and Space Administration (NASA) on the selection of in-ground-
effect flight test cases for evaluating both existing and candidate models.  
 
KEYWORDS: Aircraft Wakes, NASA, Ground Effect 
 
 
BOW WAVES AND SHIP WAKES 
Turgut Sarpkaya, Distinguished Professor Emeritus 
Department of Mechanical and Astronautical Engineering 
Sponsor: Office of Naval Research 
 
SUMMARY: This was the continuation of a comprehensive experimental investigation of bow waves and 
ship wakes. The quantification of the dynamics of bow waves in incident waves and the determination of 
the integral-length scale of turbulence and the decay of turbulent kinetic energy in the wakes of grids and 
partly submerged bodies in flow of controlled contamination (with dissolvable and non-dissolvable 
surfactants) constitute the essence of the investigation.  
 
KEYWORDS: Bow Waves, Wakes, Turbulence, Contamination 
 
 
MODEL OF DYNAMICS AND DECAY OF WAKE VORTICES IN PARALLEL RUNWAYS 
Turgut Sarpkaya, Distinguished Professor Emeritus  
Department of Mechanical and Astronautical Engineering 
Sponsor: National Aeronautics and Space Administration - Langley Research Center  
 
SUMMARY: There is a need for a flexible and absolutely safe separation standard that would permit 
efficient flight operations. A model (AVOSS) was previously developed and successfully field-tested. The 
need to resort to parallel runways to further improve flow traffic gives rise to problems such as the wake 
transport from one runway to the other before it decays, the vortex bouncing and lofting onto the adjacent 
lane during landing, and other phenomena induced by environmental conditions. These may lead to very 
dangerous situations. The analysis of the existing data from the San Francisco and Frankfurt/Main Airports 
and the development of a sound theoretical model constituted the essence of this research.  
 
KEYWORDS: AVOSS, Wake Vortex, Decay, Runways 
 
 
DDG-81 SHIP-SHOCK TRIAL SIMULATION 
Young S. Shin, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Performed shock and vibration analysis in support of DDG-81 class shock follow-on actions, 
including DDG-81 flight IIL ship shock modeling and simulation. The results were compared with ship 
shock trial test data (shots 1 and 2) to identify potential problem areas and to investigate damage potential 
from the standpoint of survivability and vulnerability of the ship.  
 
KEYWORDS: Shock, Vibration, DDG-81 
 
 




FORCE PROTECTION IN THREAT ENVIRONMENTS: WEAPONS EFFECTS ON TARGET 
AND DAMAGE MODELS 
Young S. Shin, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: To look into the details on the integrated munitions effects on targets (structural systems) 
and, as a result, to identify the critical technology needs, to apply the Integrated Munitions Effectiveness 
Assessment (IMEA) software system to model weapon effects on an integrated structure system, and to 
develop additional features in IMEA modules, weapons effects and damage models.  
 
KEYWORDS: Force Protection, IMEA 
 
 
IMEA AND HARDENED-TARGET MODULE COMPARATIVE STUDIES 
Young S. Shin, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Defense Threat Reduction Agency 
 
OBJECTIVE: To ensure compatibility of Integrated Munitions Effectiveness Assessment (IMEA) and 
JMEM Air-to-Surface Weaponeering System (JAWS), thereby assisting in the accreditation of IMEA by 
Joint Technical Coordinating Group; to develop a common target set to provide a framework to compare 
future development of each tool and preserve commonality of results; and to investigate subject specific 
features of IMEA that cause concern among the weaponeering community, such as runt time, fuze options 
and confidence levels of the results.  
 
KEYWORDS: IMEA, JMEM, JAWS, JTCG 
 
 
SHIP SHOCK TRIAL MODELING AND SIMULATION 
Young S. Shin, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Performed LPD17 ship shock trial modeling and simulation, conducted shock and vibration 
analysis in support of DDG class shock follow-on actions, including DDG-81 flight IIA ship shock 
modeling and simulation, identified potential problem areas, and investigated damage potential from the 
standpoint of survivability of a ship system.  
 
KEYWORDS: Ship Shock, Vibration, DDG Class 
 
 
SHOCK AND VIBRATION ANALYSIS SUPPORT OF DDG-81 SHIP SHOCK FOLLOW-ON 
ACTIONS 
Young S. Shin, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Sea Systems Command 
 
OBJECTIVE: To perform shock and vibration analysis in support of DDG-81 class shock follow-on 
actions, including DDG-81 flight IIA ship shock modeling and simulation. The results are to be compared 
with ship shock trial test data (shots 1 and 2) to identify potential problems areas and to investigate damage 
potential from the standpoint of survivability and vulnerability of the ship.  
 
KEYWORDS: Shock, Vibration, DDG-81 
 
 




HIGH-CYCLE FATIGUE (HCF)/SPIN TEST RESEARCH 
Raymond P. Shreeve, Professor Emeritus 
Garth V. Hobson, Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Air Warfare Center, Aircraft Division 
 
OBJECTIVE: To develop high-cycle fatigue (HCF) spin-test techniques using an engine-scale vacuum 
spin-pit. Following the successful implementation of air-jet excitation (AJE), oil-jet excitation (OJE) and 
eddy-current excitation (ECE) techniques using two small rotors, goals are to apply similar techniques to 
full-scale engine rotors, and to perform tests to evaluate blade damping techniques. The program was 
conducted in close association with Naval Air Warfare Center - Aircraft Division (NAWCAD), and with 
the participation of Hood Technology Corporation, jointly funded by the Air Force. 
 
SUMMARY: A test program to evaluate stick dampers in the XTE 66 LPT-2 turbine rotor was completed. 
Both ECE and AJE were used to excite the rotor at high engine orders. The second program was conducted 
to evaluate ECE as an excitation technique for titanium fans, using a developmental F119 first stage blisk. 
The third program, which is ongoing, is the evaluation of visco-elastic dampers in the fan blades of the 
AE3007 engine, which powers the Global Hawk. Oil jet excitation has been used, however erosion of the 
titanium blades were encountered after prolonged testing. Oil mist nozzles are currently being evaluated to 
alleviate the erosion problem.  
 Mist spray patterns have been characterized in a vacuum chamber, using laser Doppler velocimetry to 
measure the droplet velocity as a function of pressure and temperature as well as the spray cone angle. 




Shreeve, R.P., Seivwright, D.L., and Hobson, G.V., “HCF Spin-Testing with Oil-Jet Excitation,” 9th High-




Moreno, O.R., “Investigation and Development of Oil-Injection Nozzles for High-Cycle Fatigue Rotor 
Spin Test,” Master’s Thesis, Naval Postgraduate School, March 2005. 
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Systems engineering focuses on the development of large and complex systems: how do all the parts work 
together in an integrated system given the precise specification of the structure and behavior? 
 
CURRICULA SERVED:  
 
The NPS Department of Systems Engineering has fifteen faculty members with primary appointments, ten 
with joint appointments, and two administrative staff. The department offers master’s degrees and will soon 
be offering the Ph.D. in Systems Engineering; there area about 60 resident students and 150 non-resident 
students. The department works closely with the Wayne E. Meyer Institute of Systems Engineering at NPS, 
especially for research programs.  
 
Resident Programs of Study: 
 Curriculum 580, the resident Master of Science in Systems Engineering (MSSE), is a nine-quarter 
degree program intended for technically oriented military officers, federal government civilians, 
and qualified international applicants. Students enrolling in this MSSE program may choose from 
one of three tracks: 
o Combat System Engineering 
o Network-Centric Systems Engineering 
o Ship Systems Engineering 
 Curriculum 308, the resident Master of Science in Systems Engineering and Analysis (MSSEA), is 
a six-quarter degree program intended primarily for Navy Unrestricted Line Officers. 
 The Doctor of Philosophy (PhD) in Systems Engineering is not currently offered, but is 
anticipated to begin Fall 2007. 
  
Non-Resident Programs of Study: 
 Curriculum 311, the Master of Science in Systems Engineering – Distance Learning (MSSE DL) 
is an eight-quarter distance-learning degree program intended primarily for federal government 
civilian scientists and engineers at Navy field activities. 
 Curriculum 721, the Master of Science in Systems Engineering Management (MSSEM) is a 
distance-learning program intended for qualified military officers, senior enlisted, federal 
government civilians and defense contractor civilians.  
 The Systems Engineering Certificate Program  provides the fundamentals of systems engineering 
to Engineering Duty Officers and other officer communities without requiring the student to enroll 
in an NPS degree program. 
 
RESEARCH THRUSTS:  
 
Research areas can be summarized as follows: 1) Understanding of engineering methods and its application 
to problem solving—such as how to make a radar work effectively in a destroyer; and 2) understanding of 
the spectrums of systems engineering—life-cycle, analyses and integration of systems, balancing resources 
to ensure completion in a timely manner through hands-on research projects (with Navy sponsors). The 
mission is to: 
 Prepare our graduates to help meet today’s and tomorrow’s national security challenges by giving 
them the technical education they need for designing, building, operating, maintaining, and 
improving reliable, capable, effective and affordable complex systems of systems that meet the 
user’s needs when the user needs them. 
 Perform research to improve existing and develop new systems engineering techniques and 
methods. 
 Apply systems engineering techniques and methods to develop cost-effective, timely solutions to 






















































































DEVELOPMENT OF A TEXTBOOK FOR A COURSE ON WEAPONS OF MASS 
DESTRUCTION 
Robert C. Harney, Associate Professor 
Department of Systems Engineering 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To create the first draft of a textbook to support the course (NS4233) in weapons of mass 
destruction being developed for the Center for Homeland Defense and Security. 
 
SUMMARY: This is a continuing project. Completion is not expected until March 2005. In CY04, an 
initial outline was prepared. Reference materials were acquired through library and other research. These 
were used to provide enhanced data content of the text and reviewed for possible use as adjunct texts 
during the course. Texts of the first two chapters (proliferation and explosives) were available in 
September. After the initiation of this project, it was determined that the start date for teaching the course 
needed to be moved up at least six months to December 2004. This altered the emphasis from writing the 
chapter drafts to organizing the mass of material into coherent lectures. The course is divided into a one-
week resident session followed by 10 week of asynchronous distance learning with a final one-week 
resident session. The first resident session was conducted 11-15 December 2004. Feedback from the first 
class sessions suggested that the level of the book needed to be changed (less mathematics without losing 
content). This was begun in the last weeks of CY04. In January 2005, a third chapter was finished (nuclear 
weapons). In February 2005, the fourth and fifth chapters (radiological weapons and chemical weapons) 
were finished. Drafts of the remaining three chapters (biological weapons, detection technologies, and 




Harney, R.C., “Weapons of Mass Destruction,” Course NS4233, First Resident Session, 9-14 December, 
(21 hours of instruction). 
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MARITIME DOMAIN AWARENESS 
Thomas V. Huynh, Associate Professor 
Eugene P. Paulo, Senior Lecturer 
Mark R. Stevens, Lecturer 
Department of Systems Engineering 
John S. Osmundson, Associate Professor 
  Department of Information Sciences  
Sponsor: Center for Defense Technology and Education for the Military Services (CDTEMS), Naval 
Postgraduate School 
 
OBJECTIVE: The research effort in maritime domain awareness (MDA) addresses systems engineering 
and integration (SE&I). The goal of the maritime domain awareness project is to develop an over-arching 
open architecture for multiple layers of maritime defense for preventing terrorists from exploiting the 
world’s oceans to attack the United States, its forces, its force projection capability, and other interests. The 
MDA project involves several NPS faculty and students from the Navy, Coast Guard, Northern Command, 
and other MDA project participants from various government agencies. This multi-year SE&I effort 
focuses on the delivery of a proposed architecture on which to base future process and technical design.  
 
SUMMARY: This MDA research is an on-going effort. In 2004, an intensive literature search was 
conducted, meetings with stakeholders took place, a maritime domain protection (MDP) architecture 
engineering methodology was developed, the MDP problem was defined, some scenarios were developed, 
and a preliminary simulation model using EXTEND was developed to support architectural design. The 
systems engineering and integration process is now in place for establishing MDP architecture options and 





“Maritime Domain Protection Systems Engineering and Integration,” Maritime Domain Protection Task 




Huynh, T.V., “Maritime Domain Protection Systems Engineering and Integration,” Maritime Domain 




Huynh, T.V., “Maritime Domain Protection Systems Engineering and Integration,” Maritime Domain 
Protection Task Force Symposium, Naval Postgraduate School, 18-19 August 2004. 
 
KEYWORDS: Systems Engineering and Integration, Maritime Domain Protection, Architectural Design 
 
 
MARITIME DOMAIN AWARENESS RESEARCH 
Thomas V. Huynh, Associate Professor  
Department of Systems Engineering 
Sponsor: Naval Postgraduate School 
 
SUMMARY: The systems engineering design and integration effort described the current state of the 
national maritime domain protection system through current literature research, collecting information from 
major stakeholders and participation in maritime defense seminars and games. An initial needs and 
requirements document was created and served as the basis for follow-on system design. The systems 
engineering design and integration effort integrated the threat characterization and modeling and 
simulations efforts. The methodology used in this effort was the systems engineering design process 
(SEDP). This year's final product was a description of the descriptive scenario (or “as is” system), initial 
needs and requirements document, and a detailed research schedule and program proposal for follow-on 
efforts. The majority of this effort was classified.  
 
KEYWORDS: Maritime Domain Awareness, SEDP 
 
 
UNCERTAINTY MANAGEMENT IN SYSTEMS ENGINEERING, SYSTEM SCALING, AND 
SIMULATION-BASED ACQUISITION 
Thomas V. Huynh, Associate Professor 
Department of Systems Engineering 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Scalability of an ad-hoc network means the ability of such a network to maintain its 
performance and efficiency as the values of some parameters of the network become very large. An ad-hoc 
network is an autonomous system of routers (and associated hosts) connected by wireless links. It may 
operate in a standalone fashion or may be connected to the larger Internet operating as a hybrid fixed/ad 
hoc network. Current defense emphasis on concepts such as FORCEnet and network centric warfare 
precipitates a need to scale network simulations to much larger sizes. But realistic modeling and simulation 
of large-sized networks are infeasible because of limited resources such as CPU time, memory, disk space, 
etc. The proposed research activity addresses the issue of building scalability into simulations. 
 The simulation-based acquisition (SBA) goals are to reduce the time, resources and risk associated 
with acquisition, enable the integrated product and process development (IPPD) and improve the quality of 
the fielded product. While significant progress is being made toward such goals, current Department of 
Defense Modeling & Simulation (M&S) is not viewed by program managers as cost or schedule effective. 
Guidance is thus needed on how to manage M&S efforts. One of the reasons for adverse cost and/or 
schedule impact is that no methodology and guideline exist today to aid in determining when the level of 
fidelity of a model and simulation is sufficient and when its results can be used to aid decision-making. 





slippage and funding depletion. The proposed work addresses this problem and explores methods for 
alleviating it. 
A challenging problem in systems engineering is translating user requirements into system 
requirements or, specifically, representing relationships among system requirements. To date, system 
requirements are derived based on analyst’s best judgment. Methods and tools are therefore needed to aid 
in the development of an accurate system specification in light of inaccurate user requirements. The 
objective of the proposed work is to develop methods to model uncertainty in requirements engineering 
(i.e., use of uncertainty reasoning in requirements modeling). The goals of the proposed work is to explore 
the suitability of modeling uncertainty in requirements engineering and also in project planning, a key 
activity in project management. 
 
SUMMARY: This multi-faceted research is an on-going effort. During the CY 2004, the research effort in 
network scalability addressed the issue of building network scalability into simulations. In particular, it 
focused on network model scaling, which involved considering the details of the network protocol, 
formulating message delays in terms of message loading parameters and number of nodes in the network, 
and then applying an appropriate increase in message traffic for the smaller scale network. This approach 
provides the benefit of quantitative systems analysis and systems tradeoffs while keeping the modeling 
effort at a practical level in terms of time and investment. (See Osmundson, J.S. and Huynh, T.V., 
“Scalability of Wireless ad hoc Networks by Simulation,” Conference on Systems Engineering Research 
Proceedings, 15-16 April 2004.) 
 The 2004 research effort in simulation-based acquisition addressed the problem of determining model 
sufficiency and explored approaches to make modeling and simulation in acquisition cost and schedule 
effective. Model sufficiency means that the model itself and its representation of a system are sufficiently 
accurate. No methodology and guidelines exist today to aid in determining simulation model sufficiency to 
allow informed decision making at a particular point in the acquisition cycle. The modeling and simulation 
development time must be shortened by employing a reasonable model validation approach that would 
enable cost savings and staying within schedule. The 2004 work proposed the use of modeling and 
simulation early in the requirements analysis phase to aid in system design, and proposed the use of 
optimization as a validation and benchmarking tool specifically when developing real-time heuristic 
algorithms. (See Huynh, T.V. and Osmundson, J.S., “Model Sufficiency in Simulation-Based Acquisition,” 




Huynh, T.V. and Osmundson, J.S., “Model Sufficiency in Simulation-Based Acquisition,” Conference on 
Systems Engineering Research Proceedings, University of Southern California, Los Angeles, CA, 15-16 
April 2004. 
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Huynh, T.V. and Osmundson, J.S., “Model Sufficiency in Simulation-Based Acquisition,” Conference on 
Systems Engineering Research, University of Southern California, Los Angeles, CA, 15-16 April 2004. 
 
Osmundson, J.S. and Huynh, T.V., “Scalability of Wireless Ad Hoc Networks by Simulation,” Conference 
on Systems Engineering Research, University of Southern California, Los Angeles, CA, 15-16 April 2004. 
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COLLECTIVE CONTROL OF AUTONOMOUS VEHICLES 
Ravi Vaidyanathan, Assistant Professor 
Department of Systems Engineering 
Sponsor: Naval Postgraduate School  
 
OBJECTIVE: To make progress towards decentralized, flexible, and robust feedback control systems 
applicable to force structures of groups of autonomous agents performing all manner of military missions. 
 
SUMMARY: This work is focused on the generation of control algorithms enabling autonomous multi-
agent swarms to achieve emergent behavior – the ability to accomplish complex objectives, through 
synergistic interactions of simple reactionary components. Inspired by emergent behavioral strategies 
observed in insect societies, efforts are being made to produce algorithms that mirror their capacity to solve 
complex problems through interactions of simple agents. Under this program, past and current work of the 
principal investigator in this field will be generalized to coordinate autonomous multi-agent swarms for 
missions which larger conventional systems may not perform due to their lack of flexibility. While 
significant research effort has recently been expended on collective control, there remains a very significant 
gap between the simulation testing common today and the actual field utility of any developed emergent 
behavior strategies. The implementation and testing of these strategies on the platforms developed at NPS 




Kovacina, M., Kolacinski, R.M., Palmer, D.P., and Vaidyanathan, R., “Intelligent/Adaptive Operators and 
Representation Modulation for Evolutionary Programming,” Proceedings of the American Institute of 
Aeronautics and Astronautics (AIAA) 3rd “Unmanned Unlimited” Technical Conference, Chicago, IL, 
September 2004. 
 
KEYWORDS: Emergent Behavior, Swarm Intelligence, Biologically-Inspired Control 
 
 
DESIGN OF AN AUTONOMOUS AMPHIBIOUS ROBOT FOR SURF ZONE OPERATION 
Ravi Vaidyanathan, Assistant Professor 
Department of Systems Engineering 
Richard M. Harkins, Senior Lecturer 
Department of Physics  
Sponsor: Naval Postgraduate School (partially supported by NPS Research Initiation Proposal)  
 
OBJECTIVE: To create an autonomous, highly mobile amphibious robot for operation within the 
turbulent surf zone. 
 
SUMMARY: The capability of autonomous and semiautonomous platforms to function in the shallow 
water surf zone is critical for a wide range of military and civilian operations. Of particular importance is 
the ability to transition between locomotion modes in aquatic and terrestrial settings. The study of animal 
locomotion mechanisms can provide specific inspiration to address these demands. A water-resistant 
amphibious prototype design, based on the biologically-inspired Whegs™ platform, has been completed. 
Through extensive field-testing, mechanisms have been isolated to improve the implementation of the 
Whegs™ concept and make it more suited for amphibious operation. Specific design improvements include 
wheel-leg propellers enabling swimming locomotion, an active, compliant, water resistant, non-
backdrivable body joint, and improved “feet” for advanced mobility. These design innovations will allow 
the robot to navigate on rough terrain and underwater, and accomplish tasks with little or no low-level 
control, thus greatly simplifying autonomous control system implementation. Complementary work is 
presently underway for fully autonomous functionality. These results are envisioned to lay the foundation 







Two (refereed) conference papers on this project are currently under review for the Advanced Intelligent 
Mechatronics (AIM) Conference to be held in July 2005. Also, a Master’s thesis relating to this topic 
extension currently being advised (scheduled graduation June 2005). 
 
KEYWORDS: Biologically-Inspired Robotics, Legged Vehicles, Multi Mode Mobility, Amphibious 
Operations, Reduced Actuation 
 
 
DESIGN, CONSTRUCTION, AND CONTROL SYSTEM DEVELOPMENT FOR THE 
MORPHING MICRO AIR-LAND VEHICLE (MMALV) 
Ravi Vaidyanathan, Assistant Professor 
Department of Systems Engineering 
Richard M. Harkins, Lecturer 
Department of Physics 
Kevin D. Jones, Research Associate Professor 
Vladimir N. Dobrokhodov, Research Assistant Professor 
Department of Mechanical and Astronautical Engineering 
Sponsor: Naval Postgraduate School  
 
OBJECTIVE: The Systems Engineering Department at the Naval Postgraduate School teamed with Case 
Western Reserve University (Case) and the University of Florida (UF) to develop of a Morphing Micro 
Air-Land Vehicle (MMALV). Current performance specifications call for MMALV to have a wingspan 
under 12”, weigh less than 1 pound, and be capable of flying more than a mile to a target area. Upon 
landing, it should be capable of morphing into a terrestrial vehicle to crawl around a target area. The tiny 
wingspan combined with the ability to morph its shape for land locomotion will provide MMALV with a 
level of mobility and flexibility well beyond present day reconnaissance vehicles. 
 
SUMMARY: Homeland security and national defense offer many scenarios that would be served by a 
multisensor platform capable of flying, landing, perching, and walking. The Morphing Micro Air-Land 
Vehicle (MMALV) is being developed in response to these opportunities in surveillance and intelligence 
gathering. The prototype developed this year is capable of flying and walking, and successfully performs 
the transition between locomotion modes. Furthermore, MMALV is currently able to transition from 
terrestrial to aerial locomotion by walking off the side of a two story building. A wing retraction 
mechanism improves the portability of the vehicle, as well as its terrestrial stealth and ability to enter small 
openings. A tail hook is currently in the design process, to allow for the ‘perching’ behavior. It is the goal 




Wong, H., Kapila, V., and Vaidyanathan, R., “UAV Optimal Path Planning Using C-C-C Class Paths for 
Target Touring,” Proceedings of the 2004 IEEE Conference on Decision and Control (CDC), Paradise 




Two (refereed) conference papers on this project are currently under review (for the Advanced Intelligent 
Mechatronics (AIM) Conference to be held in July 2005 and the International Conference on Intelligent 
Robots and Systems (IROS) to be held in British Colombia in August 2005). A Ph.D. thesis relating to this 
topic is currently being advised (scheduled graduation June 2007). Also, the Air Force Munitions Research 
Directorate has approved funding from 2005-2006, and the Naval Postgraduate School Testing of Network 
Topologies (TNT) program has approved funding from February-September 2005 to further this research. 
 
KEYWORDS: Biologically-Inspired Robotics, Multi-Mode Mobility, Micro Air Vehicles, Morphing 





HANDS-FREE HUMAN/ROBOT INTERFACE FOR SOLDIERS IN THE FIELD  
Ravi Vaidyanathan, Assistant Professor 
Department of Systems Engineering 
Monique P. Fargues, Associate Professor 
Department of Electrical and Computer Engineering  
Sponsor: Unfunded  
 
OBJECTIVE: To develop an un-obtrusive method for detecting speech, and generating a control 
instruction corresponding to each in real-time by monitoring signals collected within the human ear.  
 
SUMMARY: Two main results were obtained during this preliminary investigation. First, initial research 
work showed that short speech commands collected within the ear canal via an in-ear microphone from an 
adult male subject can be classified with high accuracy (a scenario of 4 words with 100 trials led to a 
97.54% classification accuracy using a basic HMM classifier). Second, initial results showed that in-ear 




A Master’s thesis relating to topic extension currently being advised (scheduled graduation September 
2005). Army Tank and Automotive Command (TACOM) has approved funding for the Naval Postgraduate 
School from March to September 2005. 
 
KEYWORDS: Classification, Speech Processing, Human-Robot Interface 
 
 
MAPPING TONGUE MOVEMENT THROUGH AURAL FLOW: A NEW STRATEGY FOR 
HANDS-FREE HUMAN MACHINE INTERFACE  
Ravi Vaidyanathan, Assistant Professor   
Department of Systems Engineering  
Monique P. Fargues, Associate Professor   
Department of Electrical and Computer Engineering  
Sponsor: Unfunded  
 
OBJECTIVE: A new communication and control concept using tongue movements is introduced to 
generate, detect, and classify signals that can be used in novel hands-free human-machine interface 
applications such as communicating with a computer and controlling devices. The signals are the changes 
in the airflow pressure that occur in the ear-canal caused by tongue movements. The goal is to demonstrate 
that the ear pressure signals, acquired using a microphone inserted into the ear-canal, due to specific tongue 
movements are distinct and that the signals can be detected and classified very accurately.  
 
SUMMARY: The strategy for demonstrating the concept includes energy-based signal detection and 
segmentation to extract ear pressure signals due to tongue movements, signal normalization to decrease the 
trial-to-trial variations in the signals, and pairwise cross-correlation signal averaging to obtain accurate 
estimates from ensembles of pressure signals. A new decision fusion classification algorithm has been 
formulated to assign the pressure signals to their respective tongue-movement classes. The complete 
strategy of signal detection and segmentation, estimation, and classification has been tested on four tongue 
movements of four subjects. Through extensive experiments, it was demonstrated that the ear pressure 
signals due to the tongue movements are distinct and that the four pressure signals can be classified with 
over 96% classification accuracies across the four subjects using the decision fusion classification 





Vaidyanathan, R., Kook, H., and Gupta, L., “Parametric and Non-Parametric Signal Analysis for Mapping 





Proceedings of the 2004 IEEE International Conference on Acoustics, Speech, and Signal Processing 
(ICASSP), Montreal, CA, May 2004. 
 
Vaidyanathan, R., Allen, T., Quinn, R.D., Tabib-Azar, M., Zarycki, J., Levin, J., et al., “Human-Machine 
Interface for Tele-Robotic Operation: Mapping of Tongue Movements Based on Aural Flow Monitoring,” 
Proceedings of the 2004 IEEE International Conference on Intelligent Robots and Systems (IROS), Sendai, 
Japan, October, 2004. (Awarded the “Hyper Human Tech Outstanding Research Paper Award,” one of two 




A journal paper was submitted and is currently under review for IEEE Transactions on Systems, Man, and 
Cybernetics A. Also, the National Institutes of Health has approved funding for Naval Postgraduate School 
from 2005-07 to continue this research.  
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Department of Meteorology 








The Department of Meteorology provides graduate-level instruction in the science of meteorology and its 
application in support of military operations. To maintain expertise and provide support to student theses, 
the faculty performs research in the Navy-relevant areas of synoptic and dynamic meteorology, remote 
sensing, numerical modeling, tropical meteorology, boundary layer meteorology, and environmental 
effects. 
Over 40 years ago, the Naval Postgraduate School (NPS) was responsible for the establishment and 
flourishing of a Navy operational command on its campus. In 1959, the Naval Oceanographic Command 
moved its numerical prediction center to Monterey as a new operational command, the Fleet Numerical 
Weather Central (now, Fleet Numerical Meteorology and Oceanography Center-FNMOC). The Navy chose 
to move FNMOC to Monterey to take advantage of the presence of NPS with its large assembly of science 
faculty who are intimately familiar with Navy operational problems in meteorology and oceanography. For 
similar reasons, the Navy Environmental Prediction Research Facility (now the Marine Meteorology 
Division of the Naval Research Laboratory (NRL) Monterey), moved to Monterey in 1971. This further 
augmentation of meteorological and oceanographic scientists in Monterey has made it the center of Naval 
environmental science. 
The consequences of these moves are the substantial involvement of NPS faculty in research projects 
at NRL Monterey and the enhancement of operational capabilities at FNMOC. Furthermore, personnel 
from the latter two organizations are able to take advanced courses at NPS, and officer-students at NPS can 






 Meteorology and Physical Oceanography 
 Space Systems Operations 
 Space Systems Engineering 





 Master of Science in Meteorology 
 Master of Science in Meteorology and Physical Oceanography 





 Synoptic, Mesoscale, and Coastal Meteorology: Distinguished Professor Russell Elsberry, 
Associate Professor Wendell Nuss, Professor Carlyle Wash, Research Assistant Professor 
Douglas Miller, Research Associate Professor Patrick Harr 
 Numerical Weather Prediction (NWP): Professor Roger Williams, Research Associate Hway-Jen 
Chen, Research Assistant Professor Kevin Cheung, Research Assistant Professor Douglas Miller 
 Environmental Analysis and Visualization: Research Associate Mary Jordan 
 Air-Sea Interactions: Professor Kenneth Davidson, Professor Robert Haney, Research Associate 
Paul Frederickson 
 Satellite and Ground Based Remote Sensing: Professor Phillip Durkee, Research Associate Kurt 
Nielsen 
 Tropical Meteorology: Professor Chih-Pei Chang, Research Associate Hway-Chen, Research 
Associate Professor Patrick Harr, Research Assistant Professor Kevin Cheung 
 Tropical Cyclone Motion: Distinguished Professor Russell Elsberry, Research Assistant Professor 
Kevin Cheung, Research Associate Professor Patrick Harr 

















 Climate Dynamics: Professor Chih-Pei Chang, Professor Roger Williams, Research Associate 
Hway-Jen Chen, Senior Lecturer Tom Murphee 
 Atmospheric Factors in EM/EO Propagation: Professor Kenneth Davidson, Research Associate 
Professor Peter Guest, Research Associate Paul Fredrerickson 





 IDEA Laboratory: The Interactive Digital Environmental Analysis (IDEA) laboratory has Silicon 
Graphics workstations specifically designed and funded for instruction. The lab computers are 
used to analyze and display real-time satellite data and numerical model output. 
 Tactical Laboratory: The Tactical Lab operates an SMQ-11 DMSP satellite receiver that collects 
and processes classified environmental data and runs military tactical decision aids used to support 
operations. 
 Synoptic Analysis and Forecasting Laboratory: The Synoptic Analysis and Forecasting Lab uses a 
suite of computers and advanced display devices to provide local and global real-time 
meteorological data and numerical products for instruction and research in operational weather 
forecasting.  
 Atmospheric Boundary Layer Measurements Laboratory: The Measurements Lab provides 
information from a special near-coastal observation site at Fort Ord in support of instruction and 
research in boundary layer and coastal meteorology. Present instrumentation includes two radar 
wind profilers, an automatic surface weather station, and rawinsonde systems. 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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TRANSITION OF REVISED DYNAMICAL MODEL TRACK PREDICTION EVALUATION 
EXPERT  
Mark A. Boothe, Meteorologist  
Department of Meteorology 
Sponsor: National Oceanic and Atmospheric Administration 
 
OBJECTIVE: To transition a revised operational expert system to the National Hurricane Center that will 
improve the track forecasts of tropical storms and hurricanes. 
 
KEYWORDS: Hurricane, Tropical Storms, Prediction 
 
 
FORECAST OF CLOUD PROBABILITY IN SOUTHEAST ASIA: DEVELOPMENT OF A 
PROBABILITY OF CLOUD FORECAST SYSTEM (PCFS) 
Chih Pei Chang, Distinguished Professor 
Department of Meteorology 
Sponsor: Naval Sea Systems Command 
 
OBJECTIVE: To study the behavior and predictability of monsoon disturbances affecting East Asia and 
adjacent regions using the Navy’s regional numerical forecasting system. 
 
KEYWORDS: Monsoon, Cloud Probability, PCFS 
 
 
INTERANNUAL VARIATION OF MONSOON AND ENSO 
Chih Pei Chang, Distinguished Professor 
Department of Meteorology 
Sponsor: National Oceanic and Atmospheric Administration 
 
OBJECTIVE: To study the relationship between the interannual variations of Asian–Australian monsoon 
and El-Nino–southern oscillation. 
 
KEYWORDS: Monsoon, El Nino, ENSO 
 
 
MODELING OF MONSOON ONSET AND DISTURBANCES IN EAST ASIA AND ADJACENT 
SEAS 
Chih Pei Chang, Distinguished Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To study the behavior and predictability of monsoon disturbances affecting East Asia and 
adjacent regions using the Navy's regional numerical forecasting system. 
 
KEYWORDS: Monsoon, Numerical Forecasting 
 
 
COMBATANT CRAFT METEOROLOGY AND OCEANOGRAPHY (METOC) 
MEASUREMENTS FOR RADAR DETECTABILITY 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Provided field test guidance for and evaluation of airflow and surface phenomena.  
 





DESIGN OF REFRACTIVITY PROFILE COLLECTION DURING VESSEL SIGNATURE TESTS 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Naval Surface Warfare Center, Carderock Division 
 
SUMMARY: Performed preparation by component shipment and acquisition for collection of meteorology 
and oceanography (METOC) data that was used to estimate vertical profiles of temperature and humidity 
along the Rf path during vessel signature tests. The tests were held at Dam Neck, Virginia, and San 
Clemente Island, California, during July and September.  
 
KEYWORDS: Refracticity, METOC, Rf Test 
 
 
DEVELOPMENT OF A SCINTILLATION (C2N) CLIMATOLOGY TO EVALUATE THE USE 
OF HIGH-ENERGY LASERS FOR SHIP DEFENSE 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
OBJECTIVE: To produce an authoritative reference source consisting essentially of a refractive index 
structure parameter (C2N) “climatology” based on high-quality historical data and rigorous scientific 
principles, for quantitatively assessing the expected impact of scintillation on the use of high energy lasers 
for ship self defense against anti-ship cruise missiles. 
 
KEYWORDS: Scintillation Climatology, C2N, Lasers, Ship defense 
 
 
METEOROLOGY AND OCEANOGRAPHY (METOC) EFFECTS ON RADAR/IR 
SURVEILLANCE IN MARITIME DOMAIN PROTECTION (MDP) SYSTEM 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Described the current state of threat and own force detection in the national maritime domain 
protection system with regard to including atmosphere and ocean surface conditions influencing radar 
(refractivity profiles) and IR (thermal contrast, absorption, and aerosol scattering) sensor performance. 
 
KEYWORDS: METOC, Radar/IR, MDP 
 
 
NEAR-TERM RESPONSE TO OPERATIONAL METEOROLOGY AND OCEANOGRAPHY 
(METOC) PORTABLE MEASUREMENT DEVICE (PMD) REQUIREMENTS 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command - Charleston 
 
SUMMARY: Provided field test guidance for and evaluation consultation of airflow and surface portable 
measurement device (PMD) measurement systems for operational ships. 
 







PARAMETERIZATION OF NEAR-SURFACE REFRACTIVITY PROFILES OVER THE OCEAN 
AND THEIR EFFECTS ON IR/RF PROPAGATION 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop a comprehensive model to describe air-sea fluxes and near-surface atmospheric 
profiles above ocean waves in terms of readily measured or modeled mean atmospheric and ocean surface 
characteristics. Specific objectives and expected short and long-term payoffs to the Navy are to formulate 
an operational flux-profile relationship over ocean waves, verify and improve the Naval Postgraduate 
School evaporated duct model within AREPS for predicting radar-wave propagation over a wide spectrum 
of frequencies and atmospheric and wave conditions, and to verify and improve the NPS optical turbulence 
and refractivity model.  
 
KEYWORDS: Near-Surface Refraction, IR/RF Propogation 
 
 
QUANTIFICATION OF IN SITU AND SATELLITE DERIVED DATA WITH RESPECT TO 
TERRAIN AWARENESS WARNING SYSTEM (TAWS) INPUT 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Air Force Weather Agency 
 
SUMMARY: Quantified resolution sensitivity of Terrain Awareness Warning System (TAWS) with 
respect to predicted in situ measured meteorological and surface inputs, and satellite sensor obtained 
surface property inputs. 
 
KEYWORDS: Terrain Awareness, TAWS 
 
 
REFRACTIVITY PROFILE ESTIMATION/COLLECTION DURING ESM VULNERABILITY 
STUDY FIELD TEST: JULY 2004 
Kenneth L. Davidson, Professor 
Department of Meteorology 
Sponsor: Johns Hopkins University 
 
SUMMARY: Collected meteorology and oceanography (METOC) data to estimate vertical profiles of 
temperature and humidity along overwater paths during a multi-platform exercise that examines Rf 
detection. The data was interpreted for METOC influences on s- and x-band radar. The tests took place in 
the vicinity of San Clemente Island, California, during July. 
 
KEYWORDS: Refractivity Profile, ESM Vulnerability 
 
 
REMOTE WEATHER REPORTING AND ASSESSMENT SYSTEM 
Kenneth L. Davidson, Professor 
Department of Meteorology  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Design, fabricate, and install atmosphere surface layer and surface parameter collection 
system for McMillan Field, Camp Roberts, CA 
 








ATMOSPHERIC MODELS AND ASSOCIATED DEVELOPMENT SATELLITE-DERIVED 
MARINE ATMOSPHERIC BOUNDARY LAYER AND EM/EO PROPERTIES 
Philip A. Durkee, Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Supported development of boundary layer analysis techniques using satellite radiances. An 
automated method was developed to estimate the location and strength of elevated ducts in coastal and 
open ocean regions using satellite imagery received on U.S. Navy ships. 
 
KEYWORDS: Marine Atmospheric Boundary Layer, EM/EO 
 
 
METHODS FOR COMPREHENSIVE SATELLITE ANALYSIS 
Philip A. Durkee, Professor 
Department of Meteorology 
Sponsor: National Oceanic and Atmospheric Administration  
 
SUMMARY: Explored and developed methods to combine information from multiple satellite platforms 
into a comprehensive satellite analysis scheme. The measurement set from each satellite is unique in either 
its spectral, spatial, and/or temporal capabilities. A comprehensive satellite analysis will combine the 
unique measurements from individual satellites into a regional domain where the full set of observations 
will be used, as appropriate, to develop a regional analysis. 
 
KEYWORDS:  Satellite Analysis 
 
 
TARGET AREA METEOROLOGY AND OCEANOGRAPHY (METOC) MERIT SUPPORT 
Philip A. Durkee, Professor 
Department of Meteorology 
Sponsor: National Reconnaissance Office 
 
SUMMARY: Supported preparation of algorithms for the Target Area Meteorology/Oceanography (TAC) 
Merit Program (TAM). TAM is also known under Navy TENCAP as radiant sleet. Two primary algorithms 
were developed, tested, and validated: 1) atmospheric visibility and 2) near surface air temperature. 
 
KEYWORDS: Radiant Sleet, TAM, TAC 
 
 
MODELING TROPICAL CYCLONE STRUCTURE AND TRACK 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Demonstrated the feasibility of creating knowledge-based expert system modules that will 
allow Joint Typhoon Warning Center (JTWC) forecasters to make more accurate and consistent forecasts 
of tropical cyclone formations, outer wind structure, and inner wind structure.  
 







PREDICTION OF TROPICAL CYCLONE FORMATION 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Office of Naval Research  
 
SUMMARY: Documented the ability of numerical weather prediction models to forecast tropical cyclone 
formation in the southern hemisphere, and then produced guidance products for Joint Warning Typhoon 
Center forecasters that utilize those outputs for five-day forecasts. 
 
KEYWORDS: Cylcones, Tropics, JTWC, Forecast 
 
 
PREDICTING TROPICAL CYCLONE FORMATION AND STRUCTURE CHANGE 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
SUMMARY: Demonstrated the feasibility of creating knowledge-based expert system modules that will 
allow Joint Typhoon Warning Center (JTWC) forecasters to make more accurate and consistent forecasts 
of tropical cyclone formations, outer wind structure, and inner wind structure.  
 
KEYWORDS: Cylcones, Tropics, JTWC, Knowledge-Based Expert System 
 
 
SUPPORT FOR U.S. WEATHER RESEARCH PROGRAM (USWRP) HURRICANE SCIENCE 
COORDINATOR 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
SUMMARY: Professor Elsberry served as the Science Coordinator (Hurricane Landfall) for the U.S. 
Weather Research Program.  
 
KEYWORDS: U.S. Weather Research Program, Hurricane Landfall, Tropical Cyclones 
 
 
SUPPORT FOR U.S. WEATHER RESEARCH PROGRAM (USWRP) HURRICANE LANDFALL 
SCIENCE COORDINATOR 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
SUMMARY: Professor Elsberry served as the Science Coordinator (Hurricane Landfall) for the U.S. 
Weather Research Program, which was sponsored by the Office of Naval Research. Professor Elsberry 
carried out the duties of the Science Coordinator (Associated Lead Scientist) as described in the Terms of 
Reference dated January 1999. 
 







SYSTEMATIC APPROACH TO TROPICAL CYCLONE TRACK FORECASTING 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Continued research on the systematic approach to tropical cyclone track forecasting, 
including tropical cyclone basins such as the North Indian Ocean and the Atlantic regions. 
 
KEYWORDS: Cyclone, Forecast, North Indian Ocean, Atlantic  
 
 
TROPICAL CYCLONE MOTION AND STRUCTURE STUDIES 
Russell L. Elsberry, Distinguished Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
SUMMARY: Included studies to ultimately improve tropical cyclone warnings for the fleet by improved 
understanding of the various physical processes involved in tropical cyclone motion, formation, structure 
change, and intensity change. 
 
KEYWORDS: Cyclone Warning, Tropics  
 
 
AN EVALUATION AND COMPARISON OF BULK SCINTILLATION MODELS FOR USE IN 
HIGH-ENERGY LASER FEASIBILITY STUDIES 
Paul A. Frederickson, Research Associate 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Produced an authoritative reference source that identifies the most widely used and 
important existing bulk optical turbulence models; described and demonstrated their differences and 
similarities and strengths and weaknesses; quantified how using different models may lead to different 
climatology results; and determined which model is best or most suitable for the specific application of 
developing a climatology to quantitatively assess the expected impact of scintillation on the use of HELs 
for ship self-defense against cruise missiles. 
 
KEYWORDS: Optical Turbulence, Scintillation Model, High-Energy Laser  
 
 
COLLABORATIVE RESEARCH: THE MAUD RISE NONLINEAR EQUATION OF STATE 
STUDY (MAUDNESS) 
Peter S. Guest, Research Associate Professor 
Department of Meteorology 
Sponsor: National Science Foundation 
 
OBJECTIVE: To discover whether a non-linear property of the equation of the state of seawater 
(thermobaricity) results in massive convection in the southern oceans. 
 






THE ROLE OF OCEANIC PROCESSES ON THE GULF OF CALIFORNIA SEA-SURFACE 
TEMPERATURE (SST) EVOLUTION DURING THE NORTH ATLANTIC MONSOON 
Peter S. Guest, Research Associate Professor 
Department of Meteorology 
Sponsor: National Oceanic and Atmospheric Administration 
 
SUMMARY: Studied air-sea interaction processes that control the North Atlantic Monsoon (NAM). The 
short-term objective was to obtain accurate surface and upper-air measurements of atmospheric parameters 
in the region upwind of the NAM. The long-term objective was to improve the forecasts of the NAM, 
which will result in cost savings and increased safety of military training and research operations in the 
southwest United States. 
 
KEYWORDS: SST, Monsoon, NAM, Forecast 
 
 
IMPACT OF THE EXTRATROPICAL TRANSITION CYCLONES ON THE PREDICTABILITY 
OF DOWNSTREAM SYNOPTIC-SCALE WEATHER SYSTEMS OVER MIDLATITUDE OCEAN 
BASINS 
Patrick A. Harr, Associate Professor 
Department of Meteorology  
Sponsor: Naval Postgraduate School 
 
SUMMARY: Poleward-moving tropical cyclones often transition into fast-moving, rapidly-developing 
extratropical cyclones. These events cause large perturbations in the downstream midlatitude atmospheric 
flow. The objective of this research was to quantify the reduction in the predictability of weather patterns 
due to the perturbations downstream of extratropical transition events. Reduction in predictability impacts 
the Navy's ability to plan efficient trans-oceanic sorties and sea-basing activities. 
 
KEYWORDS: Extratropical, Cyclone, Midlatitude, Prediction 
 
 
OBJECTIVE AND AUTOMATED ASSESSMENT OF OPERATIONAL GLOBAL FORECAST 
MODEL PREDICTIONS OF TROPICAL CYCLONE FORMATION AND LIFE CYCLE 
Patrick A. Harr, Associate Professor 
Department of Meteorology 
Sponsor: National Oceanic and Atmospheric Administration 
 
OBJECTIVE: The transition of an operational product to the National Hurricane Center that will extend 
the utility of operational global model forecasts of tropical cyclone formation. 
 
KEYWORDS: NHC, Hurricane, Global Forecast, Cyclone 
 
 
PREDICTION OF TROPICAL CYCLONE FORMATION WITH NAVY MODEL 
Patrick A. Harr, Associate Professor 
Department of Meteorology 
Sponsor: Office of Naval Research  
 
SUMMARY: Documented the ability of the Navy Global Weather Prediction Model to forecast tropical 
cyclone formation in the southern hemisphere and then produced guidance products for Joint Typhoon 
Warning Center forecasters that utilize those options for five day forecasts. 
 







DEVELOPMENT AND VALIDATION OF A PREDICTIVE MODEL TO ASSESS THE IMPACT 
OF COASTAL OPERATIONS ON URBAN SCALE AIR QUALITY 
Douglas K. Miller, Associate Research Professor 
Department of Meteorology 
Sponsor: Strategic Environmental Research and Development Program 
 
SUMMARY: Routinely generated mesoscale analyses and forecasts for the southern California region to 
be used as input for an atmospheric dispersion model at the Desert Research Institute. The model will be 
used to provide guidance and reduce the impact of Department of Defense operations on urban scale air 
quality. 
 
KEYWORDS: Urban Air Quality, DRI, Southern Californiaq  
 
 
DEVELOPING AND APPLYING METEOROLOGY AND OCEANOGRAPHY (METOC) 
METRICS IN SEA STRIKE OPERATIONS 
Tom Murphree, Senior Lecturer 
Department of Meteorology 
Sponsor: Office of Naval Research  
 
OBJECTIVE: To quantify and assess the contribution of meteorology and oceanography (METOC) forces 
during Operation Iraqi Freedom and other recent military operations, and to develop tools to aid data 
collection, modeling and simulation, mission planning and impact analysis. 
 
KEYWORDS: METOC, Operation Iraqi Freedom, Sea Strike 
 
 
GLOBAL OCEAN ECOSYSTEM DYNAMICS (GLOBEC)-NORTHEAST PACIFIC CLIMATE 
CHANGE MECHANISMS: AN OBSERVATIONAL AND MODELING ANALYSIS 
James T. Murphree, Research Assistant Professor 
Department of Meteorology 
Sponsor: National Oceanic and Atmospheric Administration 
 
OBJECTIVE: To identify the mechanisms of interannual to decadal climate change in the Northeast 
Pacific using analyses of observed and model fields. 
 
KEYWORDS: METOC, GLOBEC, Climate Change, Northeast Pacific 
 
 
DEVELOPMENT OF MESOSCALE TRAINING MODULES 
Wendell A. Nuss, Associate Professor 
Department of Meteorology 
Sponsor: Naval Meteorology and Oceanography Professional Development Center 
 
SUMMARY: Developed a set of web-based training modules for use by the Naval Meteorology and 
Oceanography (METOC) Professional Development Center (NMOPDC) to provide training in mesoscale 
meteorology. The basic plan was to work with the Science and Technology Officers (STO) at the Centers 
to develop needed training materials and to produce web modules. 
 







FIRE WEATHER FORECASTING 
Wendell A. Nuss, Associate Professor 
Department of Meteorology 
Sponsor: Defense Language Institute 
 
OBJECTIVE: To provide real-time forecasts to support controlled burns at Fort Ord. Local observational 
and model data were examined to develop a forecast twice a week or more frequently as needed. 
 
KEYWORDS: Fort Ord, Burns, Fire Weather Forecast 
 
 
HIGH RESOLUTION FIRE WEATHER MODELING 
Wendell A. Nuss, Associate Professor 
Department of Meteorology 
Sponsor: U.S. Department of Agriculture 
 
OBJECTIVE: To develop high-resolution model forecasts to support fire and smoke modeling. Local 
observation data were assimilated into the numerical model and tests were conducted to improve the 
accuracy of the forecasts. 
 
KEYWORDS: Fire Weather, Modeling 
 
 
COUPLED BOUNDARY LAYERS AIR-SEA TRANSFER (CBLAST) MEASUREMENTS OF 
MARINE ATMOSPHERIC BOUNDARY LAYER AT NANTUCKET, MASSACHUSETTS 
Qing Wang, Associate Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To add an additional site on Nantucket, Massachusetts, for continuous measures of the 
upwind marine boundary layer properties as part of the Coupled Boundary Layers Air-Sea Transfer 
(CBLAST)-low measurement efforts. The measurements provided the spatial variation in the area in 
conjunction with other CBLAST measurements to allow adequate evaluation of the Coupled 
Ocean/Atmospheric Mesoscale Prediction System (COAMPS) boundary layer and surface flux 
parameterizations. 
 
KEYWORDS: Coupled Boundary Layers, CBLAST, Marine Atmospheric Boundary Layer, Nantucket 
 
 
IMPLEMENTING AND TESTING ENTRAINMENT PARAMETERIZATION FOR 
STRATOCUMULUS-TOPPED BOUNDARY LAYERS IN COUPLED OCEANIC/ATMOSPHERIC 
MESOSCALE PREDICTION SYSTEM (COAMPS)  
Qing Wang, Associate Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
SUMMARY: Implemented explicit entrainment parameterization in the Navy's regional prediction model, 
Coupled Oceanic/Atmospheric Mesoscale Prediction System (COAMPS). The objective was to improve 
the predictions for the stratocumulus-topped boundary layers as well as the cloud-free boundary layers. The 
improved model was extensively tested using measurements from several field experiments. 
 






IMPROVING SURFACE FLUX PARAMETERIZATION IN THE NAVY'S COUPLED 
OCEANIC/ATMOSPHERIC MESOSCALE PREDICTION SYSTEM (COAMPS) 
Qing Wang, Associate Professor 
Department of Meteorology 
Sponsor: Naval Research Laboratory 
 
OBJECTIVE: To improve the surface flux parameterization for low-wind conditions over the ocean. 
 
KEYWORDS: Surface Flux, COAMPS 
 
 
UNDERSTANDING THE EVOLUTION OF STRATOCUMULUS CLOUDS IN THE COASTAL 
REGION 
Qing Wang, Associate Professor 
Department of Meteorology 
Sponsor: National Science Foundation 
 
OBJECTIVE: To understand the evolution of stratocumulus clouds near the coast and their interaction 
with coastal dynamic flow field and coastal land surfaces. The ultimate goal of the research was to improve 
low-level cloud forecast in the coastal region. 
 
KEYWORDS: Stratocumulous, Coast, Low-Level Forecast 
 
 
UNDERSTANDING NEAR-SURFACE AND IN-CLOUD TURBULENT FLUXES IN THE 
COASTAL STRATOCUMULUS-TOPPED BOUNDARY LAYERS (STBL) 
Qing Wang, Associate Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To produce high-rate turbulence, temperature, and specific humidity data and processed 
surface fluxes from raw aircraft measurements; to understand the spatial and temporal variability of the 
surface fluxes in the coastal California region; and to use the results to understand and evaluate Coupled 
Ocean/Atmospheric Mesoscale Prediction System (COAMPS) for simulating the STBL in conjunction with 
the Principal Investigators Office of Naval Research project. 
 
KEYWORDS: Stratocumulous, STBL, Coast, Low-Level Forecast 
 
 
METEOROLOGY AND OCEANOGRAPHY (METOC) THESIS SUPPORT FOR 
OPERATIONALLY FOCUSED TOPICS 
Carlyle H. Wash, Professor 
Department of Meteorology 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: To conduct Coupled Oceanic/Atmospheric Mesoscale Prediction System (COAMPS) 
evaluation and verification studies and support other Naval Postgraduate School meteorology and 
oceanography (METOC) theses on Fleet Numerical Meteorology and Oceanography Center (FNMOC) and 
regional METOC center problems. 
 







BOUNDARY LAYER EFFECTS ON ATMOSPHERIC FRONTS 
Roger T. Williams, Professor Emeritus 
Department of Meteorology 
Sponsor: National Science Foundation 
 
OBJECTIVE: Study of boundary-layer effects on atmospheric fronts. 
 





































OVERVIEW:         
Department Overview 
The Department of Oceanography has developed a broad research program focused on physical 
oceanography to meet the anticipated future needs of the Navy. Our basic research themes are the 
development of scientific capabilities to measure, analyze, and forecast fields of littoral ocean variables, 
which occur in association with synoptic/mesoscale processes over limited regional temporal domains. The 
areas of emphasis include coastal and nearshore ocean dynamics, air-sea interaction phenomena and 
boundary currents. Regions of interest include the polar seas, coastal ocean regions and strategic straits of 
the world. 
 Our applied research themes are the application of analyses and forecasts of upper ocean 
synoptic/mesoscale variability to Naval operations. Areas of emphasis include the impact of littoral 
processes, eddies and boundary currents on ocean surveillance systems, the effect of storms on acoustic 
propagation and ambient noise, and the impact that the wave climate exerts on nearshore processes and 
beach character as it pertains to mine/mine countermeasure and amphibious warfare. 
 These research themes require the development of numerical ocean prediction models and synoptic 
observation capabilities. They are achieved through employment of modern dynamical and mathematical 






 Meteorology and Oceanography 
 Operational Oceanography 
 Oceanography 
 Undersea Warfare 
 Space Systems Operations 





 Master of Science in Meteorology and Physical Oceanography 
 Master of Science in Physical Oceanography 





 Acoustical Oceanography: Ching-Sang Chiu, Robert Bourke, Arthur Parsons  
 Air-Sea Interaction and Ocean Turbulence: 
Roland Garwood, Tim Stanton, Peter Chu, Le Ly 
 Coastal and Nearshore Oceanography: Jeff Paduan, Mary Batteen, Ed Thornton, Thomas Herbers, 
Edith Gallagher, Pierre Poulain, Curt Collins, Steven R. Ramp, Leslie K. Rosenfeld 
 Numerical Prediction and Data Assimilation: Mary Batteen, Bert Semtner, Julie McClean, Robin 
Tokmakian, Ramsey Harcourt, Wieslaw Maslowski, Pierre Poulain, Arlene Guest, Le Ly 
 GI&S and Navigation: James Clynch, Arthur Parsons 




















 Research Vessel Point Sur 
 Rapid Environmental Assessment Laboratory 
 Ocean Acoustic Observatory at Point Sur 
 Computer Graphics Laboratory 
 Moored Equipment Laboratory 
 Calibration Laboratory 
 Tactical Environmental Support Laboratory 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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ACOUSTIC PROPAGATION STUDIES IN THE WINDY ISLANDS SOLITON EXPERIMENT 
(WISE) 
Ching-Sang Chiu, Professor 
CDR D. Benjamin Reeder, USN, Military Faculty  
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: The Windy Islands Soliton Experiment (WISE) is designed by Taiwan and U.S. physical 
oceanographers to observe the generation, evolution and transformation of the transbasin, nonlinear internal 
waves in the Northeastern South China Sea for a period of one year beginning April 2005. To augment the 
naval relevance of WISE, specifically in the area of antisubmarine warfare, two acoustic propagation 
studies, one over the shallow shelf and one over the deep basin along the WISE mooring transect, are 
scheduled. The objective of the shelf transmission is to study the physics of sound propagation through 
nonlinear, elevation internal waves in shallow water, and to quantify the associated fluctuations in the 
sound intensity. The objective of the basin transmission is to study and characterize the supertidal-to-
seasonal-scale impacts of the transbasin, nonlinear internal waves on long-range transmission loss, and to 
help monitor the evolution of the transbasin internal waves in the basin’s interior. 
 
SUMMARY: WISE consists of five oceanographic cruises to the South China Sea on Taiwanese research 
vessels. All the effort in 2004 was focused on experimental design, logistics and cruise preparations, 




Chiu, C.-S., C.-F. Chen and P. Abbot, “The Shallow Water Acoustic Propagation Experiment,” U.S. Office 
of Naval Research and Taiwan NSC Joint Research in the South China Sea Workshop, Taipei, Taiwan, 25-
27 October 2004. 
 
Ramp, S.R. and C.-S. Chiu, “The ASIAEX Program: Questions Answered and Questions Raised,” U.S. 
Office of Naval Research and Taiwan NSC Joint Research in the South China Sea Workshop, Taipei, 
Taiwan, 25-27 October 2004. 
 
Ramp, S.R., C.-S. Chiu and Y.J. Yang, “The WISE/VANS Moored Array,” U.S. Office of Naval Research 
and Taiwan NSC Joint Research in the South China Sea Workshop, Taipei, Taiwan, 25-27 October 2004. 
 
KEYWORDS: Littoral Acoustics, Shelfbreak, Nonlinear Internal Waves 
 
 
CAPTURING UNCERTAINTY IN THE COMMON TACTICAL ENVIRONMENTAL PICTURE 
Ching-Sang Chiu, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
SUMMARY: As a component in this team's end-to-end research paradigm, Chiu concentrated primarily on 
characterizing acoustic prediction uncertainties, including their connections to the uncertainties in the ocean 
and geoacoustic parameter estimates, and on forecasting and improving acoustic baselines and their 
uncertainties in a data assimilation framework involving coupled ocean and acoustic state variables. The 
battle space of focus was a shelfbreak environment, encompassing the outer continental shelf and the 
continental slope, where the physical oceanography, specifically the shelfbreak front, internal tides and 
internal solitary waves, play a significant role in introducing acoustic prediction uncertainty at multiple 
time and space scales. The acoustic prediction uncertainty is further complicated by the variable 
bathymetry and inhomogeneous sediment properties as the water-column variability shifts the insonified 
bottom locations from time to time. 
 The approach entailed both data analysis and modeling utilizing the coupled environmental and 
acoustic data sets from both Shelfbreak PREVIER and the Asian Seas International Acoustics Experiment 





are well suited as benchmarks for uncertainty studies in a shelfbreak environment. The Shelfbreak 
PRIMER data set was utilized in the first two years, 2001 and 2002, to gain fundamental insights into 
uncertainty transfer and characteristics, and to test and refine methodologies and the associated computer 
codes for linking and integrating ocean, acoustic and sonar models and data, and for joint ocean and 
acoustic state variables forecast with assimilated data. 
 The ASIAEX data was collected in 2001 in both the South and East China Seas with enhanced 
resolution in the environmental (both ocean and geo) parameters as well as the acoustic wavefields. The 
ASIAEX acoustic measurements also have much improved coverage in frequency, source depth and range, 
propagation path orientation, and the spatial properties of the sound field. The latter is due to the addition 
of horizontal apertures in the acoustic measurements. The processed data became available in 2003. In the 
final two years of this project, 2003 and 2004, the techniques developed in the previous years were applied 
to the ASIAEX data to capture and characterize acoustic prediction uncertainty in these two shelfbreak 
regions that are geographically and dynamically different from each other and from the Shelfbreak 
PRIMER site. Comparison between the acoustic prediction uncertainty characteristics for the New 
England, South China Sea and East China Sea shelfbreaks was conducted to resolve differences, 
similarities and dependency. This understanding is crucial to the design of sonar tactics such as optimum 
selection and placement of sonar systems for different types of shelfbreak regimes. 
 
KEYWORDS: Uncertainty, ASIAEX, Shelfbreak PREVIER,  Common Tactical Environment 
 
 
CONTINUATION OF PERTURBATION MODELING AND DATA ANALYSIS IN ASIAN SEAS 
INTERNATIONAL ACOUSTICS EXPERIMENT (ASIAEX) SOUTH CHINA SEA DATA 
ANALYSIS 
Ching-Sang Chiu, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This research continues the data and modeling analyses for the Asian Sea International 
Acoustic Experiment (ASIAEX), with the objective to understand the physics, variability and predictability 
of low-frequency (< 600 Hz) sound propagation along and across the Northeastern (NE) South China Sea 
(SCS) shelfbreak, including the dependence on frequency, source/receiver depth and path orientation, and 
the relations to water-column, bathymetric and sub-bottom structures. 
 
SUMMARY: In collaboration with other U.S. and Asia investigators participating in ASIAEX, the main 
SCS experiment was carried out in May of 2001. The experimental approach was to make simultaneous, 
high-resolution, very high-quality observations of both the acoustic propagation and physical oceanography 
in the experimental site. Both moored and shipboard oceanographic observations were made, with 
sufficient spatial and temporal resolution to observe physical phenomena on horizontal scales of a few 
kilometers and time scales from subtidal to high frequency internal waves (with periods of a few minutes). 
Simultaneously, acoustic transmissions, aiming at achieving sufficient frequency diversity and spatial 
coverage, were performed parallel to and across the shelfbreak using both moored and towed sources. Echo 
sounding, coring, high-frequency chirp-sonar and low-frequency towed-source data for mapping the geo-
acoustic parameters were also collected during the experiment. 
 The measurement and analysis are focusing on the horizontal and vertical properties of the shallow-
water sound field, their dependence on source depth and frequency, and their relations to the water-column, 
bottom and sub-bottom structure. Particularly, the acoustic measurements are being related to the 
oceanographic measurements and the inferred bottom properties through time-series analyses and coupled-
mode modeling studies to gain insights into the detailed physics and variability of the acoustic propagation. 
 Work completed in FY04: Modeled the sensitivity of the vertical-line-array (VLA) measurements of 
the frequency-modulated (FM) transmissions from a towed J15 source to changes in the geoacoustic 
parameters, developed a matched-field geoacoustic inverse scheme exploiting the sensitivity or robustness 
to the signals of different frequencies, and began geoacoustic inversion of the VLA data.  
 Modeled the dependence of the temporal variability in the spatial distribution of the VLA transmission 






 Quantified the degradations in both the horizontal and temporal signal coherences by the nonlinear 
internal waves, and investigated if the observed signal intensity variance and coherences could be related to 




Beardsley, R.C., T.F. Duda, J.F. Lynch, J.D. Irish, S.R. Ramp, C.-S. Chiu, et al., “Barotropic Tide in the 
Northeastern South China Sea,” IEEE Journal of Oceanic Engineering, 29 (4), 1075-1086, 2004. 
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Engineering, 29 (4), 920-928, 2004. 
 
Duda, T.F., J.F. Lynch, L. Wu, C.-S. Chiu, “Fluctuation of 400 Hz Sound Intensity in the 2001 ASIAEX 
South China Sea Experiment,” IEEE Journal of Oceanic Engineering, 29 (4), 1264-1279, 2004. 
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Nonlinear Internal Wave Behavior at the Continental Slope in the Northern South China Sea,” IEEE 
Journal of Oceanic Engineering, 29 (4), 1087-1104, 2004. 
 
Lin, Y.T., J.F. Lynch, N. Chotiros, C.-F. Chen, A. Newhall, A. Turgut, et al., “An Estimate of the Bottom 
Compressional Wave Speed Profile in the Northeastern South China Sea Using ‘Sources of Opportunity,’” 
IEEE Journal of Oceanic Engineering, 29 (4), 1231-1248, 2004. 
 
Lynch, J.F., S.R. Ramp, C.-S. Chiu, T.Y. Tang, Y.-J. Yang, and J.A. Simmen, “Research Highlights from 
the Asian Seas International Acoustics Experiment in the South China Sea,” IEEE Journal of Oceanic 
Engineering, 29 (4), 1067-1074, 2004. 
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Journal of Oceanic Engineering, 29 (4), 1292-1307, 2004. 
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Chiu, C.-S., “Impacts of South China Sea Nonlinear Internal Waves on Sound Transmission: ASIAEX 
Results and Future Plan,” Office of Naval Research Southwest Region Progress Review, La Jolla, CA, 20-
22 January 2004. 
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Marburger, J.M., “Estimation of Geoacoustic Properties in the South China Sea Shelf Using a Towed 
Source and Vertical Line Hydrophone Array,” Master’s Thesis, Naval Postgraduate School, December 
2004. 
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COUPLED OCEAN ACOUSTICS AND PHYSICAL OCEANOGRAPHY OBSERVATIONS IN 
THE SOUTH CHINA SEA: THE NAVAL POSTGRADUATE SCHOOL ACOUSTIC 
COMPONENT 
Ching-Sang Chiu, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: As part of the Asian Seas International Acoustics Experiment (ASIAEX) and in 
collaboration with the Woods Hole Oceanographic Institute and the Naval Research Laboratory, a 
combined ocean acoustics and physical oceanography field study was proposed to investigate the impact of 
oceanographic variability on the propagation of low-frequency (<1 khz) sound on and onto the continental 
shelf in the northeastern South China Sea. 
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UNCERTAINTIES AND INTERDISCIPLINARY TRANSFERS THROUGH THE END-TO-END 
SYSTEM (UNITES) 
Ching-Sang Chiu, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This effort is part of a multi-institutional team effort, which started in the second half of 
2001, to capture uncertainty in the common tactical picture. The team’s name is UNITES, which stands for 
UNcertainties and Interdisciplinary Transfers through the End-to-End System. Led by Abbot, OASIS, Inc., 
and Robinson, Harvard University (HU), the UNITES team, with expertise spanning the ocean 
environment, underwater acoustics and tactical sonar systems, consists of a total of twelve Principal 
Investigators from nine different organizations including the Naval Postgraduate School (NPS), the Woods 
Hole Oceanographic Institution (WHOI) and the University of North Carolina (UNC). 
 The NPS component in the UNITES team’s paradigm to solve the interdisciplinary, end-to-end 
problem has two objectives: to characterize acoustic prediction uncertainties, including their connections to 
the uncertainties in the ocean and geo-acoustic parameter estimates, and to forecast and improve acoustic 
baselines and their uncertainties in a data-assimilation framework involving coupled ocean and acoustic 
state variables. 
 
SUMMARY: In acoustic wavefield uncertainty characterization, NPS continued to focus on the tidal and 
shorter-scale uncertainties in FY04 with the following accomplishments: 
 
• Analyzed intra and inter-daily variability of the South China Sea (SCS) shelfbreak (ASIAEX) TL, 
temporal and horizontal coherence statistics. 
• Analyzed the dependence of the SCS shelfbreak TL fluctuation statistics on signal bandwidth.  
• Performed model simulation of the SCS shelfbreak TL fluctuation statistics, and comparing 
modeled statistics to measured statistics to quantify nonlinear internal wave, linear internal wave 
and bottom contributions. 
 
In acoustic field uncertainty reduction and forecast, NPS continued to focus on the small mesoscale 





 Continued to collaborate with HU to improve coupled ocean and acoustics data assimilation algorithm, 
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DEVELOPMENT AND VALIDATION OF THE NAVY'S 3D MINE-IMPACT BURIAL-
PREDICTION MODEL (IMPACT35) 
Peter C. Chu, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
SUMMARY: This work included extension of Impact35-c for idealized mines (cylindrical mines) to real 
mines such as PSI mines, Korean mines, and Bowen mines, etc. Verification of Impact35 with full-size 
mine experiments conducted by the Naval Research Laboratory (NRL) group in Carderock, Corpus Christi, 
and Cocodrie, verification of Impact35 using the underwater mine data. Ensemble impact burial model 
development and collaboration with other modeling components. 
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LITTORAL ZONE OCEANOGRAPHY FOR MINE WARFARE 
Peter C. Chu, Professor 
Department of Oceanography  
Sponsor: Naval Oceanographic Office  
 
OBJECTIVE: To improve current Navy’s Impact Burial Prediction Model (IBPM) and mine acoustic 
detection model (CASS-GRAB) using the advanced hydrodynamic theory and littoral zone oceanography. 
The efforts are closely connected to the field experiment at Corpus Christi, Texas-Louisiana shelf 
sponsored by Office of Naval Research (ONR) IBPM program. This effort provides guidance for field 
experiments such as site selection, determination of variables to be measured (e.g., ocean and sediment 
conditions as well as mine burial depth). On the other hand, data collected from the field experiments will 






SUMMARY: During the performance period, Peter Chu improved the U.S. Navy’s mine acoustic 
detection model and mine burial prediction models using realistic marginal sea ocean models and data. He 
published 17 refereed journal papers, 5 conference proceeding papers, presented 23 papers (5 invited 
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UPGRADE OF THE HYDRODYNAMIC COMPONENT OF THE NAVY’S MINE IMPACT 
BURIAL PREDICTION MODEL (IMPACT28) 
Peter C. Chu, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To collect and analyze the data of mine drop experiments for model development and 
evaluation. To develop and verify a new noise filtering method (i.e., the rotation method) to process the 
data collected from the mine drop experiments. To develop and verify a new method (i.e., the triple 
coordinate transform scheme) for predicting the mine movement in the water column. To update the 
hydrodynamic part of IMPACT28 (two dimensional with simplified physics) to IMPACT35, a three 
dimensional full physics model. To provide the analyzed data from mine drop experiments to the mine 
impact burial prediction modeling (IBPM) community. To deliver the hydrodynamic part of IMPACT35 to 
the IBPM community. To integrate the NPS mine impact burial prediction model into the Naval 
Oceanographic Office mine warfare program for operational use.  
 The long-term goal is to improve the U.S. Navy’s mine impact burial prediction capabilities in littoral 
regions through updating the Navy’s existing mine impact burial models (2D with imperfect physics) such 
as IMPACT28 to 3D mine impact burial prediction model with full physics (IMPACT35). Development of 
the Navy’s new model (IMPACT35) has the NPS students’ (U.S. Naval officers) participation as their 
thesis studies that enhances the Navy’s R&D program and well prepares the students with their combat 
effectiveness.  
 
SUMMARY: Several approaches were taken to develop a comprehensive three dimensional mine impact 
burial prediction model, IMPACT35.  
 (A) Development of a New Scheme for Cavity (Air-Water, Water-Sediment) Calculation. A new 
scheme has been developed to calculate the buoyancy and hydrodynamic forces (Fb, Fh) and torques (Mb, 
Mh) for a cylinder penetrating through air-water and water-sediment interfaces. At the instance when the 
cylinder penetrates into an interface, three situations may exist: one-side entry with the lower surface 
partially contacting the interface (Fig. 1a), one-side entry with partial area with the lower surface 
completely inside the lower medium (Fig. 1b), and two-side entry (Fig. 1c). For the two-side penetration, 
the upper (above the interface) and lower (below the interface) parts of the cylinder are represented by D(1) 
and D(2). For the one-side penetration, the upper (or lower) part of the cylinder are considered as the 
combination of D(1) [or D(2)] and a sub-cylinder C(1) [or C(2)]. In general, the upper and lower parts of the 
cylinder are represented by [C(1), D(1)] and [C(2), D(2)]. For the two-side penetration, C(1) = C(2) = 0.  
 (B) Development and Verification of a New Scheme for Modeling Mine Movement and Orientation. 
Triple coordinate systems are introduced to predict translation and orientation of falling mine through the 
water column (Chu, et al., 2004a) earth-fixed coordinate (E-coordinate), cylinder’s main-axis following 
coordinate (M-coordinate), and hydrodynamic force following coordinate (F-coordinate). Use of the triple 
coordinate systems and the transforms among them leads to the simplification of the dynamical system. 
The body and buoyancy forces and their moments are easily calculated using the E-coordinate system. The 
hydrodynamic forces (such as the drag and lift forces) and their moments are easily computed using the F-
coordinate. The cylinder’s moments of gyration are simply represented using the M-coordinate. The model 
has been evaluated by several mine experimental data (Chu, et al., 2004d).  
 (C) Development and Verification of 3D IMPACT35. IMPACT35 was developed from 2D 
IMPACT28 with full physics and new schemes. IMPACT35 keeps all the mine types and their physical 
parameters as used in IMPACT28, and contains new components of hydrodynamics, new treatments of air-





medium (air or water), (3) bottom type (profile of shear stress), (4) release kinematics (release angle and 
rotation rate), and (5) release medium parameters (release altitude, water depth, and water temperature). 
The output includes: temporally varying position and orientation (3D) in the air, water, and sediment 
phases, the bottom impact angle, and penetration depth. The computer codes will be written using 
MATLAB with full 3D visualization capability. 
 (D) Model Evaluation Procedures. Since the new model (IMPACT35) contains new physics and 
treatments, the model evaluation includes theoretical and experimental procedures. The theoretical 
evaluation procedure is conducted through the peer-review process of journal articles. The experimental 
evaluation procedure is conducted through model-data inter-comparison. 
  Work Completed:  
• The structure of the new 3D IBPM model with full physics has been constructed from the 
existing 2D IBPM model with reduced physics (IMPACT28). IMPACT35 has three phases (air, 
water, and sediment) and two interfaces (air-water, and water-sediment.  
• The hydrodynamic part of IMPACT35 has been developed and evaluated using the data 
collected from the Mine Drop Experiment (MIDEX) and Mine Burial Experiment conducted at 
the Naval Postgraduate School (NPS) (Chu, et al., 2004d).  
• Triple coordinate transform method was developed and evaluated. This method is the core of the 
hydrodynamic part of IMPACT35. The theoretical part of the method was published in the 
Journal of Applied Mechanics.  
• The new scheme for cavities (air-water and water-sediment) has been developed. 
• The comparison between IMPACT35 and IMPACT28 has been conducted.  
Results. 
(1) The model physics, development, and verification of IMPACT35 were undergone thorough peer-
review processes and have been published in the Journal of Applied Mechanics, Experimental and 
Thermal Fluid Sciences, International Journal of Bifurcation and Chaos, and Advances in Fluid 
Mechanics (see publication list).  
(2) IMPACT35 is better than IMPACT28 using the NPS MIDEX and MIBEX data. The burial depths 
were compared with measured burial depth data (Fig. 2). As evident, IMPACT35 improves the 
prediction capability. The existing 2D model (IMPACT25) over predicts actual burial depth. However, 
the 3D model (IMPACT35) predicts the burial depth reasonably well. Since the gravity cores were 
taken for approximately two to three meters from the impact location, several cores were taken for 
each drop. This allowed an average to be calculated in order to yield more accurate data for each drop. 
 Impact/Applications.  
• The dynamic system (nonlinear equations) for the mine movement has the potential impact on 
the nonlinear dynamics. The hydrodynamics of mine impact in water column can be applied to a 
general scientific problem of the fluid-rigid body interaction including stability and chaotic 
motion. 
• The noise reduction scheme (rotation method) will impact the scientific and Naval mine warfare 
communities on the mine movement in the water column.  
Related Projects. This project is related to the Office of Naval Research (ONR) Expert System 
program. The results obtained from this project are the basic materials for building the Expert 
System for mine burial prediction.  
 Transitions.  
• The results obtained from this project are transferred to the Naval Oceanographic Office, 
COMINEWARCOM, and the ONR Mine Impact Burial Prediction group such as the mine expert 
system and mine scour and liquifaction groups. 
• The hydrodynamic component of IMPACT35 was transferred to the IBPM community such as 
to Drs. Alan Brandt and Sarah Rennie at the APL Lab in the John Hopkins University, Drs. Phil 
Valent, Andrei Abelev, and Paul Elmor at the Naval Research Lab.  
• Hydrodynamic component of IMPACT35 was used for development of the Expert System for 
Mine Impact Burial at the Applied Physics Laboratory of the John Hopkins University and the 
Environmental Sciences Department of the University of Virginia. 
• The datasets collected from MIDEX (1/15th size), Naval Surface Warfare Center (NSWC)-
Carderock Experiment (1/3rd size), and Corps Christi Experiment (full size) will greatly impact on 





• The data were also used for development of the Mine Scouring and Liquifaction modeling effort 
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2001 CENTRAL CALIFORNIA HYDROGRAPHIC SURVEYS 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Moss Landing Marine Lab 
 
SUMMARY: A survey of central California waters was conducted in November 2002. This project 
provided support for carrying out these surveys, for calibrating CTD salinity observations, and for data 
processing. Results were archived at the U.S. Naval Oceanographic Office. 
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CHARACTERIZATION AND CLASSIFICATION OF MARINE MAMMAL VOCALIZATIONS 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Chief of Naval Operations (N45G) 
 
OBJECTIVE: To evaluate the detection performance and range limit assessment using bottom mounted 
hydrophones for the purpose of characterizing and classifying marine mammal vocalizations. 
 
KEYWORDS: Marine Mammal, Vocalization 
 
 
COMPARISON OF SWATH AND MONOHULL VESSEL MOTION FOR REGIONAL CLASS 
RESEARCH VESSELS 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To compare the motion of the R/V Western Flyer, a swath vessel, to the monohull R/V 
Point Sur. Observations included a variety of sea states, vessel orientations and speeds. Standard 
observations of winds, sea and swell were made by the ship's officers. These observations were used to 
characterize the forcing field. The response of the vessel was measured by means of a tiltmeter and an 
accelerometer. 
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HYDROGRAPHIC SURVEYS OF MONTEREY BAY 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Monterey Bay Aquarium Research Institute  
 
SUMMARY: Hydrographic data were collected in Monterey Bay on five one-day cruises of the R/V John 
Martin. Data were processed, quality controlled, and used to determine water properties and circulation 
patterns. 
 





MOORED CURRENT MEASUREMENTS AT THE ENTRANCE TO THE GULF OF 
CALIFORNIA 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To resolve the character of the exchanges of mass and heat between the Pacific Ocean and 
the Gulf of California. Specific scientific objectives included: to determine the kinematics of the forcing of 
the Gulf by the Pacific Ocean at both coasts; to determine the characteristics of the water masses exchanged 
between the Pacific and the Gulf of California; and to determine if the circulation yields fluxes of heat and 
salt consistent with current model physics. 
 
KEYWORDS: Gulf of California, Currents  
 
 
OCEAN CURRENT AND SEDIMENT TRAP MEASUREMENTS 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Monterey Bay Aquarium Research Institute 
 
SUMMARY: An intermedidate mooring was deployed on the continental margin off Monterey Bay from 
January through December 2003. The mooring was replaced during the second half of the year. Data 
collected continued the understanding of ocean currents and sedimentation processes. 
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OCEAN CURRENT MEASUREMENTS AT THE ENTRANCE TO MONTEREY BAY 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Monterey Bay Aquarium Research Institute 
 
SUMMARY: An intermediate mooring was deployed on the continental margin off Monterey Bay from 
March through November 2004. Data collected contributed to the understanding of ocean currents and 
sedimentation processes. This was a continuation of a project that began in 1997. 
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SHIPBOARD STUDIES OF THE CALIFORNIA CURRENT SYSTEM OFF CENTRAL 
CALIFORNIA 
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: University of California - San Diego 
 
OBJECTIVE: To use modern shipboard measurement systems to sample the California current system off 
central California.  
 







UNRESOLVED THERMODYNAMICS OF HIGH-LATITUDE MIXED-LAYER SYSTEM 
Roland W. Garwood, Professor Emeritus 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To further develop and verify algorithms for subgrid thermodynamic processes neglected or 
treated unrealistically in hydrostatic ocean model codes for air-sea-ice interactions. These processes are 
related to nonlinearities in the equation of state for seawater, which are greatly augmented in polar seas. A 
major result expected is a thermodynamically more realistic prediction of ice-open water boundaries, 
polynyas, and coastal and deep-water formation. 
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ATTENUATION OF OCEAN WAVES BY RIPPLES ON THE SEAFLOOR 
Thomas H.C. Herbers, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: Recent experiments have confirmed the critical importance of rough bed-forms in swell 
transformation across a wide continental shelf. When waves are sufficiently energetic, the orbital motion at 
the seabed forms steep sand ripples. The associated sharp increase in bottom roughness in turn enhances the 
dissipation of wave energy. Observations of swell decay on the U.S. east coast show that bottom friction is 
often the dominant process affecting long period swell, dissipating as much as 90% of the incident wave 
energy flux. This dramatic sheltering of a coastline with a wide, sandy shelf has important implications for 
nearshore hydrodynamics and sediment transport. The long-term goal of this research is to understand the 
coupled dynamics of small-scale seabed morphology and ocean surface waves and improve the 
representation of these effects in wave prediction models. 
 
SUMMARY: The SAX04 field experiment took place in the fall of 2004 in the Gulf of Mexico along the 
Florida coast. An array of in-situ instruments was deployed that consisted of eight bottom pressure 
recorders, four pressure-velocity sensors and a directional wave buoy. Data were collected for a three 
month period including Hurricanes Frances and Ivan, and the analysis is currently underway. 
 The specific objectives of this project are: 
• Extend previous studies of wave evolution across the North Carolina-Virginia and Southern 
California shelves to different geographic settings. 
• Reconcile observed variations in swell attenuation with simultaneous measurements of seabed 
ripples. 
• Test and improve parameterizations of bottom friction in wave prediction models. 
• Provide supporting wave data to other SAX04 participants. 
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ATTENUATION OF OCEAN WAVES BY RIPPLES ON THE SEAFLOOR 
Thomas H.C. Herbers, Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To understand the coupled dynamics of small-scale seafloor morphology and ocean surface 
waves and to improve the representation of these effects in operational models. The measurements were 
part of the Office of Naval Research (ONR) SAX04/Ripples DRI experiment focused on the effects of 
seafloor ripples on the acoustic detection of buried targets. 
 






NEARSHORE CANYON EXPERIMENT 
Thomas H.C. Herbers, Professor 
Department of Oceanography 
Sponsors: Office of Naval Research and National Science Foundation 
 
OBJECTIVE: To understand the effect of complex continental-shelf bathymetry on surface gravity waves 
and on the breaking-wave-driven circulation onshore of the irregular bathymetry.  
 
SUMMARY: During September-December 2003 a large array of wave- and current measuring instruments 
was deployed offshore of La Jolla, California, as part of the Nearshore Canyon Experiment (NCEX), 
funded jointly by the Office of Naval Research (ONR) and the National Science Foundation (NSF). The 
field site is characterized by two submarine canyons, the larger and deeper La Jolla Canyon branches out to 
the north-east into a narrow trench, called Scripps Canyon. The heads of both canyons are within a few 
hundred meters of the shoreline, resulting in extreme topographic effects on the relatively long wavelength 
Pacific swells observed on nearby beaches. In collaboration with William O’Reilly (Scripps Institution of 
Oceanography (SIO)) and Steve Lentz (Woods Hole Oceanographic Institute (WHOI)), a large array of 
instruments was deployed in depths ranging from about 10-100 m. This array included 7 Datawell 
Directional Waverider Buoys, 17 bottom pressure recorders, 12 Nortek Vector pressure-velocity sensors 
and 7 current profilers.  
 High quality measurements were collected at all 38 sites nearly continuously for three months (mid-
September to mid-December 2003). During this time period numerous energetic, long period swell events 
were recorded originating from both southern and northern hemisphere storms.  
 Observed wave heights south of the canyon usually varied between 5 and 35% of the offshore wave 
height, and this strong attenuation appeared to be insensitive to the incident wave direction. In contrast, 
north of the canyon the observed wave heights showed a strong dependence on the incident wave direction 
with reductions in wave height (relative to deep water) for south swell and amplification for west swell. 
 These observations were explained by the effect of refraction over the complex bathymetry. For waves 
arriving from southerly directions, propagating along the shelf in deep water, refraction over the continental 
shelf causes attenuation at all nearshore sites. Waves arriving from westerly directions, approximately 
normal to the coastline, are less affected by the continental shelf but experience severe refraction over the 
canyons. Ray computations show that the wave propagation trajectories are deflected by Scripps Canyon, 
effectively blocking any direct swell arrivals on the south side of the canyon, consistent with the observed 
low wave heights. North of the canyon refraction theory predicts a crossing ray pattern of waves 
propagating across the shelf and waves deflected by Scripps canyon, consistent with the observed wave 
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ARCTIC OCEAN MODEL INTERCOMPARISON PROJECT (AOMIP) 
Wieslaw Maslowski, Research Associate Professor 
Department of Oceanography 
Sponsors: University of Alaska/International Arctic Research Center/National Science Foundation 
 
OBJECTIVE: The Arctic Ocean Model Intercomparison Project (AOMIP) is an international effort to 
determine the systematic errors in models of the Arctic Ocean forced with realistic atmospheric conditions. 
AOMIP involves the international ocean modeling community in a major test and intercomparison of 
model performance with support from by the International Arctic Research Center (IARC) of the 
University of Alaska Fairbanks. The main goal of this research is to examine qualitative/quantitative 
behavior of different models, their ability to simulate variability of the Arctic Ocean climate and the major 
processes maintaining the observed variability. 
 
SUMMARY: We have confirmed the critical role of freshwater export through the Canadian Archipelago 
to the active convection region of the Labrador Sea. Our results suggests that if freshwater export is 
simulated only through Fram Strait its role on the deep-water formation in the northern North Atlantic (i.e., 
Irminger and Labrador seas) might be significantly under-represented. We have also compared the sea ice 
fluxes through Fram Strait and into the Barents Sea with those estimated from RGPS remotely sensed data.  
 Our analyses of model output with variable surface ocean restoring to temperature and salinity (T&S) 
monthly climatology suggest that the accelerated warming in the Arctic Ocean as manifested by the 
increased sea ice melt during the last decade is a robust signal in all model integrations regardless of the 
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ARCTIC OCEAN MODEL INTERCOMPARISON PROJECT (AOMIP) 
Wieslaw Maslowski, Research Associate Professor 
Department of Oceanography 
Sponsor: Woods Hole Oceanographic Institute 
 
SUMMARY: The Arctic Ocean Model Intercomparison Project (AOMIP) is an international effort to 
determine the systematic errors in models of the Arctic Ocean forced with realistic atmospheric conditions. 
Organized by the International Arctic Research Center (IARC) of the University of Alaska, Fairbanks, 
AOMIP involves the international ocean modeling community in a major test and intercomparison of 
model performance. The main goal of this research was to examine qualitative/quantative behavior of 
different models, their ability to simulate variability of the Arctic Ocean climate and the major processes 
maintaining the observed variability. 
 
 
CARBON CYCLING IN THE CHUKCHI AND BEAUFORT SEAS – FIELD AND MODELING 
STUDIES 
Wieslaw Maslowski, Research Associate Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To determine the impacts of decadal-scale environmental regime shifts in the northern high 
latitudes ocean and sea ice conditions on carbon cycling in the Western Arctic Ocean through a combined 
use of field observations and biophysical modeling. 
 
SUMMARY: Some of the SBI outstanding questions, including volume transport and property fluxes 
between shelves and basins have been investigated using a coupled ice-ocean model of the pan-Arctic 
region configured at a 1/12-degree and 45-level grid. Ocean currents, mean transports, and fluxes have 
been studied to identify the main pathways and rates of shelf-basin exchange. Variability has been analyzed 
by comparison of results a decade apart. Mean velocity fields describe a climatological circulation pattern 
that is cyclonic in nature with increased intensity during the late 1980s and early 1990s. The northern 
Chukchi Plateau has been modeled as a region of major volume, heat and freshwater transport into the 
Canada Basin interior. It also appears to be an area of net upward heat transport, which may be available 
for melting ice. Eddy-driven northward advection of water from the Chukchi and Beaufort shelf towards 
the Northwind Ridge is identified as a mechanism for shelf-basin exchange. 
 The northern Bering Sea is important to the SBI program as it determines upstream conditions for the 
Chukchi/Beaufort shelves. Use of a high-resolution (1/12o or ~9km) model and a large spatial domain 
allows for realistic representation of flow through the narrow and shallow straits in this region (McClean, 
Maslowski, and Maltrud, 2001, Clement, et al., 2005). Ocean circulation throughout the Bering Sea has 
been shown as highly variable at scales from seasonal through interannual and possibly interdecadal. The 
model is found to be responsive to short-term events, such as one occurring during winter 2001 with 
reversed flow in some areas and much reduced sea ice cover. In addition, the vertical water column 
structure in the northern Bering Sea gives insight into the transport of water northward through Bering 
Strait into the Chukchi and Beaufort Seas. At this point, model output in the Bering Strait region is 
compared to a time series of moored observations of water mass properties. Eddy kinetic energy fields 
point to this same region for its high energy throughout the annual cycle. Even during autumn and winter 
when sea ice is present, the deeper water column maintains high velocity and eddy kinetic energy, while the 





 Biophysical coupling and effects have been further investigated through the collaboration with Dr. J.J. 
Walsh from the University of South Florida. Some of the main findings from this research have been 
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COLLABORATIVE RESEARCH: CARBON CYCLING IN THE CHUKCHI AND BEAUFORT 
SEAS - FIELD AND MODELING 
Wieslaw Maslowski, Research Associate Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To determine the impacts of decadal-scale environmental regime shifts in the northern high 
latitudes on carbon cycling in the western Arctic Ocean. Examined carbon import from the Bering Sea, 
local production and transformation, and export from the Chukchi and Beaufort Shelves to the Basin. 
Specific research topics included field work in the Pelagic Zone, the Benthos, and particle and water mass 
export. Coupled biophysical models were used to organize and evaluate observational programs, to identify 
gaps, important transports and dominant elemental fluxes, and to examine responses of the arctic ecosystem 
to global change. The ultimate goal of this study was to obtain a more complete understanding of shelf-
basin exchange processes, biogeochemical cycles, and to establish benchmarks useful for assessing future 
global changes of this sentinel ecosystem. 
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COLLABORATIVE RESEARCH: ENVIRONMENTAL VARIABILITY, BOWHEAD WHALE 
DISTRIBUTIONS, AND INUPIAT SUBSISTENCE WHALING - LINKAGES AND RESILIENCE 
OF AN ALASKAN COASTAL SYSTEM 
Wieslaw Maslowski, Research Associate Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: The main hypothesis of this interdisciplinary project is that variation in environmental 
conditions may impact the success of the annual bowhead hunt through alteration of whale distribution and 
behavior, and through changes in wind patterns and ice extent that affect Native whalers’ access to the 
whales. We propose a comprehensive study of this Alaska coastal system to quantify whale-environment 
linkages and to understand how physical-biological coupling influences bowhead whale behavioral ecology 
and, ultimately, Alaska Native subsistence harvests. Environmental changes also present great challenges to 
the U.S. Navy, especially in sea ice – covered environments. This is especially important along the northern 
Alaskan coast and shelf, where due to the recent warming a significant reduction of the multi-year Ice Pack 
has already occurred. 
 
SUMMARY: This project started late last year and there was no progress to report as researchers were in 
the setting process of the first year of work. 
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MESOSCALE VARIABILITY AND PROCESSES IN AN EDDY-RESOLVING GLOBAL 
PARALLEL OCEAN PROGRAM (POP) SIMULATION  
Julie L. McClean, Research Associate Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To quantify and understand the dynamics, particularly of the eddy variability and 
mesoscale processes, in a high-resolution global configuration of the Parallel Ocean Program (POP) model. 
This project is continuing. 
 
SUMMARY: The nature of the mesocale in a global high-resolution (0.1°, 40-level) POP simulation was 
examined globally. Particular focus was placed on the Agulhas Current Retroflection region, the Indonesian 
Throughflow region, the Kuroshio Extension, and the Southern Ocean. Statistical comparisons with 
available data were completed to determine the veracity of the model. Studies of the dynamics of these 
regions are underway using the model fields. The impact of interannual off-equatorial and equatorial 
Pacific long waves on the eastern tropical Indian Ocean was examined from an eddy-permitting global 
ocean model. The latter process has been documented in the literature; however this is the first numerical 




Maltrud, M.E. and J.L. McClean, “An Eddy Resolving Global 1/10-Degree Ocean Simulation,” Ocean 
Modeling, 8, 1-2, 31-54, 2005. 
 
McClean, J.L., D.P. Ivanova, and J. Sprintall, “Origins of Biennial and Interannual Variability of the 
Indonesian Throughflow Region from WOCE IX1 Data and a Global Eddy-Permitting Ocean Model,” 
Journal of Geophysical Research, (accepted with revision). 
 
Prasad, T.G. and J.L. McClean, “Mechanisms for Anomalous Warming in the Western Indian Ocean 
During the Dipole Mode Events,” Journal of Geophysical Research, 109, C02019, doi: 
10.1029/2003JC001872, 2004. 
 
Prasad, T.G., M. Ikeda, and J.L. McClean, “Response of the Northern Indian Ocean to the Winter 




Byrne, D. A. and J.L. McClean, “Measuring Variability in Indo-Atlantic Fluxes at the Agulhas 
Retroflection: An Optimization Study for ASTTEX Using a 0.1-Degree Global POP Simulation,” EOS 
Transactions American Geophysical Union (AGU), 84 (52), Ocean Science Meeting Supplement, Abstract 
OS32E-07, January 2004.  
 
McClean, J.L. and M.E. Maltrud, “A Two-Decade Eddy-Resolving Global 1/10° Ocean Simulation,” EOS 
Transactions American Geophysical Union (AGU), 84 (52), Ocean Science Meeting Supplement, Abstract 
OS32M-06, January 2004. 
 
McClean, J.L., D.P. Ivanova, and J. Sprintall, “Interannual Variability of the Indonesian Throughflow From 
WOCE IX1 Data and a Global Eddy-Permitting Global Ocean Model,” EOS Transactions American 
Geophysical Union (AGU), 84 (52) Ocean Science Meeting Supplment, Abstract OS42L-07, January 2004. 
 
McClean, J.L., M.E. Maltrud, D.P. Ivanova, and J. Sprintall, “Intraseasonal to Interannual Variability in the 
Tropical Indo-Pacific of Global POP,” EOS Transactions American Geophysical Union (AGU), 85(47), 








McClean, J.L., “Global Coupled Modeling for Climate and Weather with an Indo-Pacific Focus,” Seminar, 
Naval Postgraduate School, September 2004. 
 
McClean, J.L., W. Maslowski, A.J. Semtner, and R. Tokmakian, “High-Resolution Global Ocean and 
Ocean/Ice Modeling, Plenary,” Climate Change Prediction Program Meeting, Seattle, WA, October 2004. 
 
KEYWORDS: Ocean Circulation, Model Validation, Model/Data Synthesis 
 
 
TOWARDS THE USE OF THE PARALLEL OCEAN PROGRAM (POP) AND CICE IN A 
GLOBAL COUPLED NAVY PREDICTION SYSTEM 
Julie L. McClean, Research Associate Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To perform high-resolution global ocean and coupled ocean/ice simulations using the Los 
Alamos National Laboratory (LANL) Parallel Ocean Program (POP) and CICE (sea ice) models. These 
high-resolution ocean and ice states can be used as initial conditions in a future global coupled 
atmosphere/ocean/ice Navy forecasting system. 
 
SUMMARY: A two-decade (1979-2002) 0.1°, 40-level global ocean simulation using the Parallel Ocean 
Program (POP), forced with daily National Center for Environmental (NCEP) atmospheric model fluxes, 
was completed. Following the spin-up a short run (3 years) was completed forcing the model with surface 
fluxes from the Navy Operational Global Atmospheric Prediction System (NOGAPS). Ocean mixed layer 
properties from data were compared to fields from eddy-permitting and eddy-resolving configurations of 
global POP. Two-decade global eddy-permitting (0.4°, 40 levels) coupled sea/ice and stand-alone ice 
simulations was conducted. Quantities from the ice models in both the Arctic and Antarctic were compared 
statistically with available data: passive microwave satellite fields, upward- looking sonar, and ice buoys. A 
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ANALYSIS OF HIGH FREQUENCY (HF) RADAR DATA FROM THE NORTHERN ADRIATIC 
SEA 
Jeffrey D. Paduan, Associate Professor 
Department of Oceanography 
Sponsor: CNR-ISDGM (Consiglio Nazionale delle Ricerche-Istituto per lo Studio delle Dinamica 
delle Grandi Masse) 
 
OBJECTIVE: To work with Italian and NATO-sponsored research groups in the northern Adriatic Sea 
region to deploy and utilize high frequency surface current mapping systems. 
 
SUMMARY: This project utilizes funding from the CNR Istituto di Scienze Marine (ISMAR), Venice, 
Italy, to support analyses of ocean surface current maps offshore of the Venice Lagoon produced from a 
three-site high frequency (HF) radar network. Instrument siting and calibration are included along with the 
analysis of a year-long record of hourly surface current maps. The maps show patterns of tidal currents, 





The project also supports integration of these efforts with a second array of HF radar systems along the 
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ASSIMILATION OF HIGH FREQUENCY (HF) RADAR-DERIVED SURFACE CURRENTS IN 
THE ADRIATIC SEA 
Jeffrey D. Paduan, Associate Professor  
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop data assimilation techniques that take advantage of real-time surface current 
mapping data for ocean circulation models. 
 
SUMMARY: This project involves a travel award from the Office of Naval Research, which has a specific 
program devoted to support travel to the NATO Undersea Research Centre in La Spezia, Italy, for joint 
research efforts. This work involves collaboration with researchers at the Centre related to the use of high 
frequency (HF) radar systems to remotely map ocean surface currents and to develop techniques to 
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Paduan, J.D., “Model Validation and Data Assimilation Using Surface Current Maps from HF Radar,” 
NATO Undersea Research Center, June 2004. 
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DATA ACQUISITION, ASSIMILATION, DISTRIBUTION, AND VISUALIZATION IN SUPPORT 
OF THE CENTER FOR INTEGRATED MARINE TECHNOLOGIES 
Jeffrey D. Paduan, Associate Professor  
Leslie K. Rosenfeld, Research Associate Professor 
Department of Oceanography 
Sponsor: National Oceanic and Atmospheric Administration (via University of California, Santa 
Cruz) 
 
OBJECTIVE: To pull together ocean observing system components in the region around Monterey Bay to 
form a pilot observing system to serve stakeholder needs. 
 
SUMMARY: This work is supported by the University of California - Santa Cruz for activities within the 
National Oceanic and Atmospheric Administration (NOAA)-sponsored Center for Integrated Marine 





research and development related to coastal ocean observing, modeling, and data assimilation technologies 
and implementation of data visualization and distribution schemes. Real-time data flow from high 
frequency (HF) radar installations within and around Monterey Bay is being maintained, and data quality is 
being monitored. In addition, data quality for near-surface meteorological variables and ocean velocity, 
temperature, and salinity from Monterey Bay Aquarium Research Institute’s (MBARI) M1 and M2 
moorings is being monitored. Data products for the above suite of variables, plus CIMT-specified 
biological and chemical variables, are being developed. Modeling results from the National Ocean 
Partnership Program's Innovative Coastal-Ocean Observing Network (NOPP/ICON), NOPP/ Simulations 
of Coastal Ocean Physics and Ecosystems (SCOPE), and Office of Naval Research (ONR)/ Autonomous 
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Atkinson, L.P. and J.D. Paduan, “A Surface Current Mapping Initiative for the IOOS,” ASLO/TOS Ocean 
Research Conference, Honolulu, HI, p. 9, 15-20 February 2004. 
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Conference, Honolulu, HI, p. 104, 15-20 February 2004. 
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Monterey Bay from HF Radar During the Autonomous Ocean Sampling Network (AOSN) Experiment,” 
Monterey Bay National Marine Sanctuary Symposium, Seaside, CA, 6 March 2004. 
 
Cook, M.S., B.L. Lipphardt, Jr., J.D. Paduan, D.P. Atwater, A.D. Kirwan, Jr., R. Harris, et al., “Web-Based 
Near Real Time Surface Current Analysis in the Monterey Bay from HF Radar,” 4th International 
Radiowave Oceanography Workshop (ROW-4), Townsville, Australia, 21-23 April 2004. 
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Paduan, J.D., J. O'Donnell, A. Allen, P.M. Kosro, S. Glenn, M. Bushnell, et al., “Surface Current Mapping 




Enriquez, A., “An Investigation of Surface Current Patterns Related to Upwelling in Monterey Bay Using 






Kim, K.C., “Calibration and Validation of High Frequency Radar for Ocean Surface Current Mapping,” 
Master’s Thesis, Naval Postgraduate School, June 2004. 
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GLOBAL OCEAN ECOSYSTEMS DYNAMICS (GLOBEC) MAPPING THE EVOLUTION OF 
MESOSCALE JETS AND EDDIES IN THE UPWELLING ECOSYSTEM OFF CAPE BLANCO, 
OREGON, USING LONG RANGE HIGH FREQUENCY RADAR 
Jeffrey D. Paduan, Associate Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To demonstrate the viability of long-range high frequency radar for mapping ocean currents 
out to 200 km from shore. 
 
SUMMARY: In this research, a new application of high frequency (HF) radar instruments was deployed 
for extended range coverage of filaments and eddies in the California Current System with specific 
application to the mesoscale jets and eddies in the upwelling system of Cape Blanco, Oregon, in support of 
Global Ocean Ecosystems Dynamics (GLOBEC) processes studies sited in that area. A multi-year data set 
of surface velocity maps was collected and compared with satellite imagery and in-water observations. The 
network was also used as a testbed for telescoping vector mapping algorithms, ionospheric noise correction 
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Union (AGU), 84 (52), Ocean Sciences Meeting Supplement, Abstract OS41K-01, 2004, (invited). 
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Lipphardt, B.L., Jr., A.D. Kirwan, Jr., J.D. Paduan, M.S. Cook, and C.E. Grosch, “Surface Current 
Response to Winds and Tides in Monterey Bay, 2003-2004,” 4th International Radiowave Oceanography 
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MODELING THE CENTRAL CALIFORNIA COASTAL UPWELLING SYSTEM: PHYSICS, 
ECOSYSTEMS, AND RESOURCE MANAGEMENT 
Jeffrey D. Paduan, Associate Professor  
Leslie K. Rosenfeld, Research Associate Professor 
Department of Oceanography 
Sponsor: Monterey Bay Aquarium Research Institute 
 
OBJECTIVE: To incorporate a multi-component ecosystem model within a circulation model of the 
central California coastal region. 
 
SUMMARY: The specific activities of this sub-project involve data processing and quality assurance for 
physical oceanographic and meteorological sensors on real-time mooring platforms deployed in Monterey 
Bay. The moorings are maintained by the Monterey Bay Aquarium Research Institute (MBARI). Naval 
Postgraduate School (NPS) personnel retrieve both real-time and post-recovery data from the sensors, 
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COAMPS,” Workshop on Simulations of Coastal Ocean Physics and Ecosystems (SCOPE), Napa, CA, 27-
29 September 2004. 
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MODELING THE CENTRAL CALIFORNIA COASTAL UPWELLING SYSTEM: PHYSICS, 
ECOSYSTEMS, AND RESOURCE MANAGEMENT 
Jeffrey D. Paduan, Associate Professor  
Department of Oceanography 
Sponsor: Monterey Bay Aquarium Research Institute 
 
OBJECTIVE: To model the oceanographic processes within the Monterey Bay National Marine Sanctuary 
(MBNMS) at high resolution (kms). A large body of observations is available from the region for model 
validation. The high-resolution, coastal model was nested within basin-scale and regional models. The model 
included physical, chemical, and biological properties and was capable of assimilating data from satellites and 
in situ sensors. The model focused on simulating the observed strong seasonal and interannual variations in 
oceanographic processes. Naval Postgraduate School (NPS) scientists participated through quality control 
and interpretation of physical oceanographic data sets from the Monterey Bay region. 
 
KEYWORDS: Ocean Currents, Ocean Waves, Air-Sea Interaction 
 
 
SMALL BUSINESS INNOVATION RESEARCH (SBIR): ADAPTATION OF HF RADAR OCEAN 
CURRENT MAPPING TO MOVING SHIP PLATFORMS 
Jeffrey D. Paduan, Associate Professor  
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop and test a shipboard version of existing high frequency (HF) radar systems that 
are capable of mapping ocean surface currents with horizontal resolution on the order of two kilometers 
and range out to fifty kilometers. The development includes redesigned antenna hardware and new software 
for moving receiver applications and for in situ antenna calibration. 
 
SUMMARY: HF radar instruments have been developed within the research community that use signals 
backscattered from the ocean surface to map near-surface currents over ranges of 30 km to 200 km. Present 





configurations. In all cases, receive antennas must be located on the coast within several meters of a beach 
or coastal bluff. Present systems also utilize monostatic transmit and receive geometry in which the 
transmitter and receiver are located together at the coastal site. Independent systems must be mounted in, at 
least, two locations so that radial current data from multiple sites can be combined to form vector maps of 
ocean current. The Navy has an operational need for Rapid Environmental Assessment (REA) in the littoral 
ocean. 
 Simulation-based software tests have been completed that demonstrate the capability to extract ocean 
surface current signals from HF radar backscatter measured onboard a moving ship. Operating constraints, 
in terms of maximum ship velocity and velocity variability, have been documented. In addition, two sets of 
at-sea trials were conducted during this year using research vessels in Monterey Bay, including a two-day 
trial onboard the R/V Pt. Sur in coordination with NPS training cruises. Results from the R/V Pt. Sur, in 
particular are very encouraging and show that there is no absolute inhibition to at-sea measurements related 
to antenna distortions from the ship's superstructure. Two sets of receive antenna elements were deployed 
onboard the ship: one was in the bow and the other was mounted on the mast above all other objects. Data 
from the bow-mounted antenna elements were severely distorted but those from the mast-mounted 
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THE ADAPTIVE SAMPLING AND PREDICTION (ASAP) SYSTEM - A MULTI-UNIVERSITY 
RESEARCH INITIATIVE (MURI) 
Steven R. Ramp, Research Professor 
Jeffrey D. Paduan, Associate Professor  
Department of Oceanography 
Qing Wang, Associate Professor  
Department of Meteorology 
Sponsor: Office of Naval Research 
 
OBJECTIVE: Formally called, “Optimal Asset Distribution for Environmental Assessment and 
Forecasting Based on Observations, Adaptive Sampling, and Numerical Prediction,” this team of 
investigators from several of the best U.S. institutions aims to answer the question, “How does one deploy 
and utilize autonomous vehicles most efficiently to sample the ocean, assimilate the data into numerical 
models in real or near-real time, and predict future conditions with minimal error?” A corollary to this 
central issue would be: What constitutes the minimal necessary and sufficient suite of vehicles required to 
constrain the models and provide accurate ocean forecasts? Implementation of an appropriate sampling 
plan requires an assessment of the initial oceanographic situation, understanding the capabilities and 
limitations of individual vehicles, vehicle coordination and control, and numerical models equipped to 
assimilate and utilize data which were irregularly sampled in space and time. These questions will be 
addressed by a multi-disciplinary team consisting of physical oceanographers, acousticians, dynamicists 
and control systems engineers, communications experts, and numerical modelers. The operational 
principals thus derived will be portable and relevant to a wide variety of space and time scales. 
 
SUMMARY: The program is in its formative stages with planning meetings held during June 2004 in 
Princeton, New Jersey, and February 2005 in La Jolla, California. There will be a “virtual” pilot study 
during November 2005 and the main field effort will be in August 2006. NPS will provide aircraft over-
flights, real time current meters, coastal current mappers, and atmospheric heat and momentum fluxes to 
the central scientific goal of closing the heat budget in a three-dimensional upwelling center off Ano 
Nuevo, California. The program will be held cooperatively with several other large experiments in the 





Departmental Research Initiative (DRI), the Undersea Persistent Surveillance (UPS) program, the 




Multi-University Research Initiative (MURI)/Adaptive Sampling and Prediction (ASAP) Co-Team Leader 
with Professor Naomi Leonard, Princeton University. 
 
Program is cooperative with the Naval Postgraduate School’s Center for Autonomous Undersea Vehicles 
(AUV) research and the Center for Interdisciplinary Remotely-Piloted Aircraft Studies (CIRPAS). 
 




Ramp, S.R., “Naval Postgraduate School Institutional Contributions to the MURI/ASAP Program,” First 
Multi-University Research Initiative (MURI)/Adaptive Sampling and Prediction (ASAP) Principal 
Investigators Workshop, Princeton, NJ, June 2004. 
 
Ramp, S.R., “Overview of the MURI/ASAP Program,” First Multi-University Research Initiative (MURI)/ 
Adaptive Sampling and Prediction (ASAP) Principal Investigators Workshop, Princeton, NJ, June 2004. 
 
KEYWORDS: Real-Time Observations, Ocean Currents, Air-Sea Interaction, Bioluminescence 
 
 
ADVANCED ANALYSIS AND SYNTHESIS OF ASIAN SEAS INTERNATIONAL ACOUSTICS 
EXPERIMENT (ASIAEX) DATA 
Steven R. Ramp, Research Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To analyze and publish results from a multi-national oceanographic field program in the 
East and South China Seas to investigate how the complex littoral environment (i.e., its water column, 
boundary, sediment and sub-bottom structure and inhomogenities) affects the ray paths, mode structure, 
propagation loss, and temporal and spatial (both vertical and horizontal) coherence for low-to-intermediate 
frequency (50-4000 Hz) acoustic transmissions in shallow water. The work is part of a continuing project.  
 
SUMMARY: Several years of advance planning and hard work came to fruition with the successful 
execution of the Asian Seas International Acoustics Experiment (ASIAEX) main field program during 
April –June 2001. The South China Sea (SCS) portion took place during April – May 2001 on the Chinese 
continental shelf and slope between Dongsha Island and Taiwan. The East China Sea (ECS) portion took 
place during May and June in the region bounded by 28-30°N and 126° 30’ to 128°E. Prof. Ramp was a 
principal investigator in both the SCS and ECS programs. Greater effort was extended during 2001 on the 
SCS program, which was executed during eight cruises from three Taiwanese research vessels. Eight 
oceanographic moorings, eight acoustic source/receiver moorings, and numerous smaller, experimental 
moorings were deployed and recovered. The area was also surveyed using the SeaSoar towed undulating 
vehicle and a chirp sonar sub-bottom profiling system. This is the largest simultaneous, high-resolution 
physical oceanography and acoustic propagation data set ever collected. The home-run result from the 
program was the discovery of the world’s largest nonlinear internal waves which were generated in the 
Luzon Strait and propagated WNW towards the Chinese continental shelf. The dynamics of these features 
and their impact on acoustic propagation is being analyzed. The grant is to continue the analysis and 
publish this work.  
 The special ASIAEX issue of IEEE Journal of Oceanic Engineering has been published. This is 
without a doubt the landmark event for this program during calendar year 2004. Many, many hours went 
into the special volume. The issue contains ten papers authored or co-authored by S.R. Ramp, including 








Beardsley, R.C., T.F. Duda, J.F. Lynch, J.D. Irish, S.R. Ramp, C.-S. Chiu, et al., “Barotropic Tide in the 
Northeast South China Sea,” IEEE Journal of Oceanic Engineering, 29, 1075-1086, 2004. 
 
Chiu, C.-S., S.R. Ramp, C.W. Miller, J.F. Lynch, T.F. Duda, and T.-Y. Tang, “Acoustic Intensity 
Fluctuations Induced by South China Sea Internal Tides and Solitons,” IEEE Journal of Oceanic 
Engineering, 29, 1249-1263, 2004. 
 
Dahl, P. H., R. Zhang, J. H. Miller, L. R. Bartek, Z. Peng, S.R. Ramp, et al., “Overview of Results from the 
Asian Seas International Acoustics Experiment in the East China Sea,” IEEE Journal of Oceanic 
Engineering, 29, 920-928, 2004. 
 
Duda, T.F., J.F. Lynch, J.D. Irish, R.C. Beardsley, S.R. Ramp, C.-S. Chiu, et al., “Internal Tide and 
Nonlinear Internal Wave Behavior at the Continental Slope in the Northern South China Sea,” IEEE 
Journal of Oceanic Engineering, 29, 1105-1131, 2004. 
 
Gawarkiewicz, G., J. Wang, M. Caruso, S.R. Ramp, K. Brink, and F. Bahr, “Shelfbreak Circulation and 
Thermohaline Structure in the Northern South China Sea: Contrasting Spring Conditions in 2000 and 
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(AGU), 84 (52), American Geophysical Union (AGU) Ocean Sciences Meeting, Abstract OS32C-08, 
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Actively transitioning knowledge gained to Commander Submarine Force, U.S. Pacific Fleet 
(COMSUBPAC) via workshops and direct communications with vessel operators.  
 
In the process of transitioning new operational knowledge of the Asian marginal seas to 
COMPACSUBFLT in Pearl Harbor, Honolulu, HI.  
 
THESIS DIRECTED:  
 
Weller, M., “Mean Currents and Mesoscale Variability in the Northern South China Sea During the Asian 
Seas International Acoustics Experiment,” Master’s Thesis, Naval Postgraduate School.  
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AERIAL SURVEYS OF THE OCEAN AND ATMOSPHERE OFF CENTRAL CALIFORNIA 
Steven R. Ramp, Research Professor 
Jeffrey D. Paduan, Associate Professor  
Curtis A. Collins, Professor 
Department of Oceanography 
Wendell A. Nuss, Associate Professor 
Department of Meteorology 
Sponsor: Office of Naval Research 
 
OBJECTIVE: The project consisted of biweekly overflights of the Monterey Bay for one year, with many 
flights nested in the month of August 2003, as part of the Office of Naval Research (ONR) Autonomous 
Ocean Sensing Network (AOSN) program. The objective of these biweekly flights was to observe the half-
dozen or so “characteristic states” of the Monterey Bay air/sea system and the associated adjacent coastal 
ocean and atmosphere. These states included onset and retreat of summer upwelling, the advance and 
retreat of the Monterey Bay Eddy, the passage of winter fronts and storms, the diurnal monsoon, poleward 
propagating events in the atmosphere and ocean, and the occasional anomalous passing atmospheric 
systems. The objective of the every-other-day flights during August was to observe the development and 
destruction of three-dimensional upwelling centers near Point Sur and Cape Ano Nuevo near the mouth of 
the Monterey Bay in support of the AOSN program. The surface distribution maps were essential to force 
the numerical models running in real-time in the Bay for the AOSN program. The observations will be used 
to enhance and improve existing and future coupled models of the coastal air/sea system. 
 
SUMMARY: A time series of forty (40) aircraft flights were conducted over the Monterey Bay and 
adjacent waters between March 2003 and March 2004 to make high resolution of maps of critical 
parameters in the ocean and atmosphere. The mapping portion of the flight path was flown at a constant 
altitude of 33 m off the sea surface, beneath the usual regional stratus deck. Additionally, two sawtooth 
transects, elevating offshore, were flown to map the height of the atmospheric inversion layer at the 
northern and middle sections of the region. The flights were conducted nominally every two weeks, with a 
concentration of flights during August 2003 in support of the Office of Naval Research (ONR) 
Autonomous Ocean Sensing Network-II (AOSN-II) experiment in the Monterey Bay. Flight times were 
adjusted slightly to coordinate with cruises in the Bay, primarily on the research vessel Point Sur, in 
support of operational education for U.S. Navy officer students at the Naval Postgraduate School. The 
aircraft was provided the NPS Center for Remotely-Piloted Aircraft Studies (CIRPAS), housed locally at 
the Marina Municipal Airport. The Twin Otter aircraft was used for all but three flights and the smaller 
payload “Pelican” aircraft (a modified Cessna Skymaster) was used when the Twin Otter was deployed out 





atmospheric pressure, and sea surface temperature. The Twin Otter additionally carried a LIDAR altimeter, 
atmospheric turbulence sensors, aerosol sensors, two six-megapixel digital cameras, and a new 
hyperspectral radiometer. The flights produced an unprecedented time series of high-resolution air/sea 
observations for use in verifying Navy models such as the Coupled Ocean/Atmospheric Mesoscale 
Prediction System (COAMPS). Researchers are cooperating with Professor Qing Wang, Naval Research 
Laboratory Monterey and Naval Research Laboratory Stennis Space Center (SSC) on model initialization 
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ASIAN SEAS INTERNATIONAL ACOUSTICS EXPERIMENT (ASIAEX) PROJECT 
MANAGEMENT 
Steven R. Ramp, Research Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To shephard the Asian Seas International Acoustics Experiment (ASIAEX) program to a 
succesful conclusion by fostering international collaborations, planning symposia, and facilitating 
publication of the ASIAEX results in the scientific literature. 
 
 
GLOBAL OCEAN ECOSYSTEMS DYNAMICS (GLOBEC): MOORED CURRENT 
OBSERVATIONS ALONG THE EUREKA LONG-TERM OBSERVATION PROGRAM (LTOP) 
TRANSECT 
Steven R. Ramp, Research Professor 
Department of Oceanography 
Sponsor: National Oceanic and Atmospheric Administration Coastal Ocean Program 
 
OBJECTIVE: The over-arching goal of the Global Ocean Ecosystems Dynamics (GLOBEC) Northeast 
Pacific Program (NEP) is to understand the effects of climate variability and climate change on the 
distribution, abundance and production of marine animals in the eastern North Pacific Ocean. The objective 





variability of the currents and bottom temperature over the continental shelf off Oregon, from tidal to 
interannual scales, and to relate this physical variability to long-term changes in the ecosystem.  
 
SUMMARY: Oceanographic moorings to measure temperature, salinity, and velocity at the 73 m isobath 
6.5 nm off the mouth of the Rouge River near Gold Beach, Oregon, have now been maintained by the 
Naval Postgraduate School (NPS) since May 2000. Instrument recovery has been 100% so far with most 
instruments working well. The moorings were recovered for the final time during October 2004. The data 
are being analyzed in conjunction with other moorings off Coos Bay and Newport, Oregon, maintained by 
other GLOBEC investigators. Early results indicate significant differences in the environment north (Coos 
Bay) and south (Rogue River) of Cape Blanco, Oregon, where the coastal jet separates from the coast. The 
physical changes apparently propagate through the ecosystem as larger numbers of salmon, birds, and 
marine mammals were also observed south of Cape Blanco than north. Occasional onshore advection 
events of Columbia River Plume water have also been noted. Researchers are working with the GLOBEC 
biologists to understand these results. To date, most of the effort has been expended collecting these long-
term data sets. The first paper has been submitted for publication. The GLOBEC synthesis phase has been 
funded by National Science Foundation (NSF)/National Oceanic and Atmospheric Administration (NOAA) 
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OPTIMAL ASSET DISTRIBUTION FOR ENVIRONMENTAL ASSESSMENT AND 
FORECASTING BASED ON OBSERVATION, ADAPTIVE SAMPLING, AND NUMERICAL 
PREDICTION 
Steven R. Ramp, Research Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
SUMMARY: The recent proliferation of unmanned air and undersea vehicles has spawned a research issue 
of pressing importance, namely: how does one deploy and utilize these vehicles most efficiently to sample 
the ocean, assimilate the data into numerical models in real or near-real time, and predict future conditions 





oceanographic situation, understanding the capabilities and limitations of individual vehicles, vehicle 
coordination and control, and numerical models equipped to assimilate and utilize data that was irregularly 
sampled in space and time. These questions were addressed by a multi-disciplinary team consisting of 
physical oceanographers, acousticians, dynamicists and control system engineers, communications experts, 
and numerical modelers. The operational principals thus derived are portable and relevant to a wide variety 
of space and time scales. 
 
KEYWORDS: Sampling, AUV, UV 
 
 
THE WINDY ISLANDS SOLITON EXPERIMENT (WISE) 
Steven R. Ramp, Research Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To measure the generation, propagation, transformation, and dissipation of highly nonlinear 
internal waves in the northern South China Sea for a period of one year, with the goal of understanding the 
phenomenon well enough to predict their occurrence. The waves, and the surrounding mesoscale variability 
due primarily to intrusions of the Kuroshio Current, have a strong influence on acoustic transmission loss 
and waterspace management in this highly important tactical region.  
 
SUMMARY: A moored array of seven current meters/acoustic transceivers was deployed from the Luzon 
Strait to the Chinese continental shelf by a team of U.S. and Taiwanese investigators. Due to the fast 
sampling rate, the moorings were serviced every three months, recovered and redeployed, resulting in five 
cruises to the region. All cruises were on the Taiwanese research vessel OCEAN RESEARCHER 1 out of 
Kaohsiung, Taiwan. The experiment was staged from the National Sun Yat-Sen University, Kaohsiung, 
Taiwan. The moored transect was part of a larger program to study internal waves in the South China Sea. 
Other investigators from the Scripps Institution of Oceanography (Pinkel, Niiler), the Woods Hole 
Oceanographic Institution (Gawarkiewicz), the University of Washington Applied Physics Laboratory 
(Lien, D’Asaro), and the Marine Institute at the University of the Philippines at Manila (Jacinto, Villanoy, 
David) participated in the project. From the Taiwanese side, the participating institutions were the National 
Taiwan University (Tang, Wang, Chen), the National Sun Yat-Sen University (Wei, Liu), and the Chinese 




Ramp, S.R., “Overview of the Windy Islands Soliton Experiment,” Office of Naval Research Nonlinear 
Internal Wave Initiative South China Sea Experiment (NLIWI) Planning Workshop, San Francisco, CA, 
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KEYWORDS: Coastal Oceanography, Internal Waves, Acoustic Propagation, Marginal Seas, Mesoscale 
Dynamics, Environmental Acoustics, ASIAEX 
 
 
ACOUSTIC SCATTERING MECHANISMS IN THE SOUTH CHINA SEA (SCS) 
CDR D. Benjamin Reeder, USN, Military Faculty  
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To conduct multi-faceted acoustic scattering work:  
 (1) The EK-500 sonar system installed on the Taiwanese OCEAN RESEARCHER 1 (OR1) research 
vessel has never been calibrated. The Prinicpal Investigator will calibrate the system prior to the cruises and 





will allow analysis of VSS in an ocean environment consisting of linear and non-linear internal waves, 
biological scattering layers, and fish of various species. There is very little VSS data for the South China 
Sea (SCS), and it has direct impact on the performance of active sonar systems. 
 (2) Using the ship-mounted EK-500 sonar system, the diurnal migration of the biological scattering 
layer will be tracked during each of the cruises. The variations in the acoustic transmission loss (TL) will 
be correlated to the position of the biological scattering layer relative to the acoustic propagation paths, and 
the contribution to TL by the biological scatterers will be estimated.  
 (3) Using the USRD J9 acoustic projector and imploding light bulbs as sound sources, and special-
built, GPS-capable SSQ-53F sonobuoys as receivers, acoustic signals will be transmitted through the water 
to investigate the resonant absorption characteristics of swimbladdered fish. The swimbladders of fish 
resonate at certain frequencies (close to frequencies of interest to the U.S. Navy), which are dependent 
upon their size and shape. By transmitting sounds across wide bands of frequencies, the frequency 
spectrum of the signals received at the sonobuoys will have ‘resonant absorption lines’, similar to the 
absorption lines in the solar optical spectrum due to oxygen and helium atoms in the atmosphere. The 
absorbed frequencies can then, through the use of the FMM acoustic scattering model (Reeder and Stanton, 
JASA, August, 2004), be correlated to the approximate size of the swimbladder, and then further correlated 
to the approximate size of the fish which scattered the acoustic energy.  
 
SUMMARY: To date, the bulk of the work for this research project has been in investigating and 
developing the ideas discussed above, and then ordering the EK-500 calibration spheres and the GPS-
capable sonobuoys, designing and building the light bulb implosion device, and working out the logistics of 
shipping the equipment overseas.  
 
KEYWORDS: Shallow Water Acoustics, Acoustic Scattering, Volume Scattering Strength 
  
 
LONG TERM TRENDS IN OCEAN AMBIENT NOISE 
CDR D. Benjamin Reeder, USN, Military Faculty  
Curtis A. Collins, Professor 
Department of Oceanography 
Sponsor: Chief of Naval Operations (OPNAV N45) 
 
OBJECTIVE: Ambient noise (AN) in the ocean is important to the U.S. Navy because it directly impacts 
sonar system performance. It is also important to understand the U.S. Navy’s relative contribution to AN 
and its effect on marine mammals. Recently, some ocean acousticians have estimated that AN has 
increased by 9-10 dB in the last three decades (Andrews, et al., Journal of the Acoustical Society of 
America (JASA), January 2003). There are two fundamental problems: 1) pre-industrial era ocean noise 
levels are unknown, and 2) there is a severe lack of calibrated, reliable data before 1980 with which to 
study long term trends. The objective of this research project is to make a scientifically sound, definitive 
statement on the long-term trends in AN in the ocean. To do this, the oldest possible AN data must be 
recovered from as many old ocean acoustic data sets as possible, which is not a straightforward task. 
 
SUMMARY: Much of the effort in 2004 was spent locating sources of AN data at various labs across the 
country. Much time was spent in email and phone calls to many labs and scientists to find those nearly 
forgotten data sets that contain AN data which were never analyzed and never incorporated into a database. 
Three usable data sets were available and two new sources showed great potential. One potential source 
was the Atlantic Undersea Test and Evaluation Center (AUTEC) range. AUTEC is topographically isolated 
from the open ocean with little to no shipping traffic in the area, which means that it may be a good 
estimate of pre-industrial era noise levels and noise that is dependent upon the surface only. 
 







INVESTIGATION OF SOURCE OF HUNTINGTON BEACH SEWAGE CONTAMINATION 
Leslie K. Rosenfeld, Research Associate Professor 
Department of Oceanography 
Sponsor: Orange County Sanitation 
 
OBJECTIVE: To determine the source of sewage contamination to Huntington Beach, California. To 
accomplish this goal, measurements were made of the nearshore circulation and water properties in the 
region. 
 
KEYWORDS: Huntington Beach, Nearshore Contamination  
 
 
SEDIMENT TRANSPORT IN MONTEREY CANYON 
Leslie K. Rosenfeld, Research Associate Professor 
Department of Oceanography 
Sponsor: U.S. Geological Survey 
 
OBJECTIVE: To investigate the deep current structure and sediment transport in the region of a 
significant bend in Monterey Submarine Canyon. 
 
SUMMARY: In fall 2002, the mooring array was designed, parts were ordered, and instruments were 
prepared. In December 2002, three moorings supporting instrumentation to measure temperature, salinity, 
velocity, light transmission, and particle settling were deployed in Monterey Submarine Canyon. The 
moorings were recovered in November 2003. While the near-bed instrumentation from two moorings was 
lost, the mooring design worked as planned, allowing recovery of the upper portions of all three moorings. 
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USE OF A CIRCULATION MODEL TO ENHANCE PREDICTABILITY OF 
BIOLUMINESCENCE IN THE COASTAL OCEAN 
Leslie K. Rosenfeld, Research Associate Professor 
Jeffrey D. Paduan, Associate Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To apply output from a data assimilating, high-resolution model to the short-term 
prediction of bioluminescence in the coastal ocean. Prediction of the bioluminescence potential is critical 
for numerous naval operations, including preventing detection of covert operations involving submarines, 
Swimmer Delivery Vehicles and AUVs, and - conversely - in aiding detection of enemy incursions. The 
long-term objective is to contribute to the development of the components of limited area, open boundary, 
coastal nowcast/forecast systems that will resolve the time and length scales of the relevant physical-
biological dynamics in shallow coastal environments. 
 
SUMMARY: Results from particle-tracking and tracer simulation experiments run with a primitive 
equation hydrodynamic numerical model were compared with three field experiments: the MUSE 
experiment of 2000, the Monterey Bay Aquarium Research Institute (MBARI) Spoke cruise of August 
2002, and the more extensive Autonomous Ocean Sampling Network (AOSN) experiment of August 2003. 
Additionally, a significant enhancement to the hydrodynamic model was made by including tidal forcing. 





currents, have helped identify appropriate boundary conditions, and have shown that long records of 
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APPLICATION OF PARALLEL OCEAN AND CLIMATE MODELS TO DECADE/CENTURY 
PREDICTION 
Albert J. Semtner, Professor  
Wieslaw Maslowski, Research Associate Professor 
Julie L. McClean, Research Associate Professor  
Robin T. Tokmakian, Research Associate Professor 
Department of Oceanography 
Sponsors: U.S. Department of Energy and Naval Postgraduate School  
 
OBJECTIVE: To use ocean, atmosphere, and ice models developed during earlier research under the 
Department of Energy (DOE) Computer Hardware, Advanced Mathematics, and Model Physics 
(CHAMMP) Program in order to simulate realistic climate states using advanced parallel computers. To 
understand physical processes that affect oceanic predictability and climatic fluctuations or change. 
 
SUMMARY: This project is nearing formal completion after seven years. It uses various advanced models 
to understand the variability of ocean and ocean-ice circulation at relatively high resolution. The Naval 
Postgraduate School (NPS) group collaborates with large climate modeling efforts at Los Alamos and at the 
National Center for Atmospheric Research. Extensive simulations were carried out last year, and analyses 
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DEVELOPMENT OF A GEODESIC CLIMATE MODEL WITH QUASI-LAGRANGIAN 
VERTICAL COORDINATES 
Albert J. Semtner, Professor  
Department of Oceanography 
Sponsor: Colorado State University 
 
OBJECTIVE: To participate in a cooperative agreement between Colorado State University and the U.S. 
Department of Energy in order to build a new climate model in which the vertical coordinate will be better 
suited to represent physical processes and minimize spurious computational diffusion. The horizontal 
gridding of all model components will be based on approximately equal area subdivisions of the faces of an 
icosohedral decomposition of the earth’s surface. 
 
SUMMARY: The five-year project was in its third year. Dr. Don Stark of the Naval Postgradaute School 
(NPS) Oceanography Department has taken the lead in designing numerically consistent operators of the 
gradient and divergence operators in hexagonal coordinates for use with the stress tensor of the sea-ice 
model’s dynamics. Stark interacted with other investigators in the cooperative activity to produce a 
geodesic sea-ice model, and coupled it to Los Alamos’ geodesic ocean model for tests in an Arctic context 
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UNDERSTANDING ANTARCTIC SEA ICE AND OCEAN INTERACTIONS USING HIGH 
RESOLUTION GLOBAL ICE-OCEAN MODELS 
Albert J. Semtner, Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To simulate the Southern Ocean and its sea ice in order to analyze and understand the 
dynamics of the coupled system, including aspects of polynya formation and maintenance, water mass 
transformation, and bottom water formation. 
 
SUMMARY: This research progressed well, with coupled simulations completed using the Los Alamos 
ocean and ice models (POP and CICE, respectively). A manuscript on the results was submitted for 
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AUTONOMOUS OCEAN FLUX BUOYS FOR ARCTIC STUDIES 
Timothy P. Stanton, Research Associate Professor 
Department of Oceanography  
Sponsors: National Science Foundation 
 
OBJECTIVE: To measure vertical heat and salt fluxes in the central Arctic Ocean over year-long intervals 
to observe inter-annual changes in upper ocean vertical fluxes, and to improve large-scale numerical 
models of polar regions. A series of autonomous ocean flux buoys have been deployed at the North Pole 
Environmental Observatory ice camp as a component of the SEARCH program each April for the last three 
years. The buoys support instruments, processing routines and Iridium data transfer techniques developed 
in the Principal Investigator’s research group to provide detailed measurements of turbulent momentum, 
heat and salinity fluxes without requiring manned ice-camps in the central Arctic.  
 
SUMMARY: Analysis of the 2002 North Pole Environmental Observatory (NPEO) flux buoy deployment 
has been completed with the collaborative publication of a year-long measurement of ocean heat flux in the 
central Arctic (McPhee et al 2003). This paper included a comparison of year-long vertical heat flux 
measurements made from the manned AIDJEX (1976) and SHEBA (1997) ice camps, and demonstrated 
remarkable similarity between seasonal time-scale timeseries from these different years measured in 
different regions of the Arctic. The third autonomous flux buoy was successfully deployed in April 2003, 
and has provided mean and spectral flux estimates and current / shear profiles every two hours throughout 
the year. The Iridium modem data transfers have reliably transferred these large data sets right into a 
workstation at NPS. A technological paper describing the buoy infrastructure and turbulence measurements 
is being prepared describing the flux buoy development. A one year funded extension has been obtained 
from the National Science Foundation (NSF) to continue the North Pole Environmental Observatory 
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COLLABORATIVE RESEARCH: ISPOL-1 TURBULENT FLUX PROJECT 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To determine ocean fluxes contributing to bottom water formation in the western Weddell 
Sea using in situ ocean flux measurements during a 70-day manned ice camp led by the Alfred Wegner 
team. 
 







COLLABORATIVE RESEARCH: THE MAUD RISE NONLINEAR EQUATION OF STATE 
STUDY (MAUDNESS) 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To discover whether a non-linear property of the equation of the state of seawater 
(thermobaricity) results in massive convection in the southern oceans. 
 
KEYWORDS: ISPOL -1, Turbulence, Flux  
 
 
COLLABORATIVE RESEARCH: MODELING THERMOBARIC EFFECTS IN ANTARCTIC 
DEEP OCEAN CONVECTION 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography 
Sponsor: National Science Foundation 
 
SUMMARY: Large eddy simulations of the upper ocean were used to investigate the role of 
thermobaricity in large scale overturning in the Weddell Sea. O.1 km square areas of the upper ocean were 
modeled using initializations of marginally stable stratification taken from upper ocean near Maud Rise in 
the Weddell Sea made during the anzflux program. These model runs were used to design a field 
observation program focused on studying thermobaric processes in the Weddell Sea. 
 
KEYWORDS: Antarctica, Convection, Thermobaric, Weddell Sea 
 
 
COLLABORATIVE RESEARCH: THE ROLE OF ICE-OCEAN EXCHANGE IN ICE-ALBEDO 
FEEDBACK 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography 
Sponsor: National Science Foundation 
 
SUMMARY: Utilized data sets collected during the Sheba Field Program and other related programs (e.g., 
SCIECEX) to study the processes controlling the ice albedo feedback (IAF) mechanism over an annual 
cycle and their role in ice-ocean-atmosphere interactions. Quantified the impact of these interactions, and 
developed, implemented and tested parameterizations of most critical processes using a series of models 
ranging from local process models to basin and global sea ice and ocean models. The main goal of these 
activities was to improve simulation of the pan-arctic region in global climate models to advance their skill 
in climate change prediction. 
 
KEYWORDS: SCIECEX, IAF, Sheba Field Program, Ice-Ocean Exchange 
 
 
MODELING THERMOBARIC EFFECTS IN ANTARCTIC DEEP OCEAN CONVECTION  
Timothy P. Stanton, Research Associate Professor 
Department of Oceanography  
Sponsor: National Science Foundation 
 
OBJECTIVE: To assess the role of thermobaric compressibility of seawater in providing an internal 
source of turbulent kinetic energy that can result in deep convection. Many of the T/S profile observations 
near Maud Rise in the Weddell Sea during ANZFLUX show that the water column is only marginally 
stable to thermobaric convection. The objective of this research is to perform numerical modeling of this 
upper ocean system based on ANZFLUX observations to further understand the process, and to participate 






SUMMARY: If water parcels from the deep mixed layer are moved by strong surface forcing below a 
weak, preconditioned pycnocline, typical of the Maud Rise area in the Weddell Sea, the parcel can become 
negatively buoyant due to nonlinearity in the equation of state for seawater. If this happens, the water 
parcel could continue to descend through the water column, generating further turbulence as it falls, 
potentially causing full overturning of the whole water column. A massive overturning event is known to 
have occurred during the late 1970’s when the Weddell Polyna remained ice-free for two winters, causing a 
massive ventilation of the ocean interior.  
 High resolution Large Eddy Simulation (LES) modeling of thermobaric processes has been completed 
with a paper submitted to Progresss in Oceanography by co-pi Ramsey Harcourt, who is now at APL 
University of Washington. This work demonstrated that thermobaric terms do indeed contribute to the 
negative buoyancy flux in the water column. The National Science Foundation (NSF) has awarded funding 
to deploy a scalar microstructure profiler and pycnocline.  
 Under funding for the ISPOL (Eastern Weddell experiment in collaboration with German scientists) 
and Maudness programs, a deep instrument frame has been developed to measure turbulent fluxes and 
finescale thermal and velocity structure to study entrainment processes at the base of the ocean mixed layer 
in the Weddell Sea. A microstructure package, CTD and computer controlled winch will measure T/S 
structure and turbulence during the Maudness near Maud Rise in late 2005. Four instrumented buoys based 
on the Autonomous Ocean Flux Buoy will be left behind to measure the upper ocean evolution after 
researchers have left the area.  
 
KEYWORDS: Ocean Mixed Layer, Polar Oceans, Mixed Layer Dynamics  
 
 
OBSERVATIONS OF VELOCITY FIELDS UNDER MODERATELY FORCED WIND WAVES 
Timothy P. Stanton, Research Associate Professor 
Department of Oceanography 
Sponsor: Office of Naval Research  
 
SUMMARY: High resolution measurements of the velocity field directly below moderately forced wind 
waves will be a component of the Coupled Boundary Layers Air-Sea Transfer (CBLAST) air-sea 
interaction defense-research initiative, to study the momentum fluxes and turbulent dissipation rates in the 
upper water column associated with wind-forced waves. 
 
KEYWORDS: Velocity Fields, Wind Waves, CBLAST 
 
 
OBSERVATION OF VELOCITY FIELDS AND STRATIFICATION UNDER WIND-FORCED 
WAVES DURING COUPLED BOUNDARY LAYERS AIR-SEA TRANSFER (CBLAST) 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography  
Sponsor: Office of Naval Research 
 
OBJECTIVE: To measure and model the transfer of wind-stress through surface turbulence and waves at 
the air-sea interface. This momentum transfer via surface gravity waves remains poorly understood due 
primarily to the difficulties of measuring turbulence immediately below the wave surface.  
 
SUMMARY: A one-year delay in the Martha’s Vineyard field experiment occurred in 2002 due to 
construction problems for the MV research tower. However the large collaborative field program for 
Coupled Boundary Layers Air-Sea Transfer (CBLAST) was successfully executed during the summer near 
Woods Hole. A six day observation of wave and turbulent structure right up into the crest-trough region of 
breaking waves was made from a tide-following instrumented frame in limited fetch wave conditions with 
winds between 2 and 12 m/s. These unique observations of the velocity field below wind waves were made 
with a 5 beam Nearshore Canyon Experiment (NCEX) Profiler (BCDVP) built explicitly to measure near-
surface stress and shear and wind waves. Surface-following stress and shear production algorithms have 
been developed to analyze these detailed velocity profile timeseries, and preliminary results were presented 





water column velocity structure at the ASIT tower offshore from Martha’s Vineyard has demonstrated the 
contribution of Langmuir circulation to water column stress in a coastal setting. Part of this work was 
completed in a MS thesis by Murat Elge, and is being prepared for publication. A second paper analyzing 
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OBSERVATIONS OF WATER COLUMN STRATIFICATION AND TURBULENCE DURING 
THE COUPLED BOUNDARY LAYERS AIR-SEA TRANSFER (CBLAST) LOW WIND 
EXPERIMENT 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography 
Sponsor: Office of Naval Research 
 
SUMMARY: High resolution measurements of the velocity field directly below moderately forced wind 
waves were made under existing Office of Naval Research (ONR) funding as a component of the Coupled 
Boundary Layers Air-Sea Transfer (CBLAST) air-sea interaction DR1. The objective of this supplemental 
proposal was to make continuous profile measurements of stratification and optical properties at the same 
site (offshore from Martha's Vineyard) to determine the water column response to surface fluxes, and to 
assess the impact of near-surface stratification cycles on the near surface.  
 







DEVELOPMENT AND VERIFICATION OF A COMPREHENSIVE COMMUNITY MODEL FOR 
PHYSICAL PROCESSES IN THE NEARSHORE OCEAN 
Edward B. Thornton, Distinguished Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
SUMMARY: This research was part of a collaborative project with scientists at other U.S. institutions. The 
main objective was to develop and validate a comprehensive community model for predicting waves, 
currents and evolving bathymetry in the nearshore region. 
 
KEYWORDS: Nearshore Ocean, Modeling 
 
 
EVOLUTION OF RIP CURRENTS AND MORPHOLOGY: FIELD EXPERIMENTS AND 
NUMERICAL MODELING 
Edward B. Thornton, Distinguished Professor 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography  
Sponsor: National Science Foundation 
 
OBJECTIVE: To analyze and model the results of the rip-current system dynamics observed during the 
RIPEX experiment.  
 
SUMMARY: Rip-current system dynamics observed during the RIPEX experiment were analyzed and 
modeled. RIPEX was conducted at Sand City, California, in Southern Monterey Bay in April-May 2001. It 
represents the first comprehensive field measurements of rip currents. Arrays of current and pressure 
sensors in the cross-shore and alongshore measured the mean, very-low frequency (0.0001-0.004 Hz), 
infragravity (0.004-0.04 Hz), and sea-swell (0.04-1 Hz) motions and sea-surface elevations. Reniers et al., 
(2004) utilized a non-linear shallow water wave model, operating on the time-scale of wave groups, to 
compare with measurements and examine the effects of the complex bathymetry on the infragravity 
motions. The temporal variation in infragravity conditions during the experiment was strong, and 
computational results typically explained 75 % of the observed infragravity motions within the nearshore. 
At the infragravity frequencies, both numerical computations and field data indicated that there was 
significant energy in the cross-shore velocities and little alongshore spatial-variation, even in the presence 
of rip channels. The infragravity velocities were smaller within the rip channel than on the shore-connected 
shoal owing to differences in water depth. Rip current pulsations at the infragravity band frequencies were 
found linked to the standing infragravity motions of the bound and free long waves, as opposed to the 
dynamic hydraulic head (wave set-up) and ponding associated with incoming short-wave groups and 
subsequent release of water by wave group pumping (MacMahan, et al., 2004).  
 Energetic very low frequency motions (frequencies <0.004Hz), VLFs, were observed during RIPEX. 
VLFs were found outside the gravity region in alongshore wave number (ky) space within the very low 
frequency band. VLFs are significant (Urms,vlf ~ 0.25m/s) and constant in intensity alongshore within the 
surf zone (shore-connected shoals and rip channels) and rapidly decrease offshore. The alongshore and 
cross-shore VLF velocity variances are similar in magnitude. VLF velocities are not surface driven and not 
correlated with rip current flow (r2 = 0.2). F- ky spectral estimates show a strong relationship with rip 
channel spacing (ky = +0.008m-1) and VLF cross-shore velocities, and minimal VLF alongshore velocity 
variation. The data analysis suggests that the VLFs are not instabilities of an unstable rip current jet as 
observed in the laboratory. A simple model is presented explaining the observed f- ky VLF spectra. It 
assumed that the vorticity cells are forced by the wave groups and tend to move in the alongshore direction, 
but are constrained by the rip channel bathymetry, resulting in cross-shore and alongshore oscillations 
(MacMahan, et al., 2004). 
 The morphodynamic response of a beach to wave groups generated by a directionally broad wave 
spectrum with mean angle normally incident is examined with a numerical model (Reniers, et al. 2004). 
The model utilizes the nonlinear shallow water equations to phase resolve the mean through infragravity 
motions (t =2 s) in combination with an advection-diffusion equation for sediment transport. Starting with 





channels. Without directional spreading, the smallest rip channel spacing is obtained and the beach 
response is self-organizing in nature. Introducing directional spreading results in a limited range of 
preferred spacing between rip channels, qualitatively similar to observations. The hypothesized correlation 
between the observed rip spacing and wave-group-forced edge waves over the initially alongshore-uniform 
bathymetry is not found. However, there is a correlation between the alongshore lengths of the wave-group-
induced quasi-steady flow circulations (very-low frequency oscillations) and the rip current spacing. This 
suggests that the scouring associated with the flow circulations of the initial wave groups triggers the 
development of rip channels via a positive feedback mechanism in which the small scour holes start 
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MODELING WAVES AND SEDIMENT TRANSPORT IN COASTAL ZONES 
Edward B. Thornton, Distinguished Professor 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To develop and validate a model for predicting wave-driven currents, sediment transport 
and evolving morphology in the nearshore.  
 
SUMMARY: An improved wave driver was developed, including reflection, three-dimensionality, and 
dissipation through wave breaking. The wave driver is coupled with dynamical models to describe wave 
run-up and reflection in the very nearshore and circulation in the nearshore. The wave-driver and 
dynamical models are used to drive sediment transport models and evolving morphology. The models are 
validated with extensive lab and field data. 
 Prof. Thornton’s role in this project is assist in the development the dynamical models for nearshore 
circulation, develop models for the morphologic response and to provide field data to test and validate the 
models. Prof. Thornton has been a principal investigator in all the major field experiments in U.S. and 
Europe over the last two decades and has extensive field data sets archived with which to test the models. 
This data represents a broad range of waves (> 5m), currents (>1.5m/s), winds (>20m/s), and beach 
conditions (planar and barred with slopes ranging 0.005 – 0.05). Included are data from the comprehensive 
field experiments from NSTS (La Jolla and Santa Barbara, CA), Duck, N.C. (SUPERDUCK, DELILAH, 
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Current Morphology,” Journal of Geophysical Research, 109, C07004, doi:10.1029/2003JC002083, 2004. 
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NEARSHORE WAVE AND SEDIMENT PROCESSES 
Edward B. Thornton, Distinguished Professor 
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To predict the vertical distributions of velocity, stress, and suspended sediments and 
resulting morphologic changes due to waves and currents in the nearshore. To continue analysis of 
Sandyduck data, to analyze data acquired during the Steep Beach Experiment at Sand City, California, in 
April/May 2001, and to participate in the NCEX Field Experiment in 2003. Experimental objectives 
included developing and deploying new high-resolution instruments to measure the surface and bottom 
boundary layers under breaking waves. Modeling of infragravity waves forced by the alongshore 
inhomogeneous directional broad sea/swell spectra was proposed using an extended version of Delft3D. 
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NEARSHORE WAVE PROCESSES 
Edward B. Thornton, Distinguished Professor 
Timothy P. Stanton, Research Associate Professor  
Department of Oceanography 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To predict the wave-induced three-dimensional velocity field and induced sediment 






SUMMARY: Participated in the comprehensive Nearshore Canyon Experiment (NCEX) with a six-week 
deployment of cross- and along-shore co-located PUV arrays and bottom boundary layer observations at 
the northern end (Torrey Pines) of the large-scale observation array by Scripps. Process models for 
breaking waves, momentum mixing due to the interaction of alongshore and cross-shore vertical mean 
profiles, and bottom shear stress enhanced by the form drag of bedforms and by turbulence of wave 
breaking are compared with observations.  
 Work completed includes and analysis of the vertical velocity profiles at SandyDuck, analysis of rip 
currents and morphology and their modeling with an advanced Delft3D model for the SteepBeach/RIPEX 
experiment, and initial analysis of NCEX data.  
 Data obtained during the SteepBeach/RIPEX was analyzed. Pulsations of the rip currents at 
infragravity frequencies were found to be the result of wave group forcing, and little alongshore spatial 
variation was found even in the presence of rip channels. Rip current pulsations at the infragravity band 
frequencies were found linked to the infragravity motions of the bound and free long waves (MacMahan et 
al., 2004a). Significant very low frequency energy (VLF’s) with periods greater than 5 minutes outside the 
region of zero-mode edge waves was found and shown to be attributed to directionally broad wave group 
forcing, resulting in large-scale eddies within the surf zone (MacMahan, et al., 2004b). 
 The morphodynamics of rip current systems on an initially alongshore uniform barred beach with 
directionally broad spectral wave forcing with a mean angle of normal incidence is initially perturbed by 
VLF’s and/or self organized motions that determine the alongshore length scale of rip channels. The rip 
channels are enhanced by a positive feedback of the wave group forcing and rip currents themselves. The 
alongshore scale of the rip channel spacing is shown to be a function of the directional bandwidth. (Reniers, 
et al., 2004a). The hypothesized correlation between the observed rip spacing and wave group forced edge 
waves over the initially alongshore-uniform bathymetry is not found. However, there is a correlation 
between the alongshore lengths of the wave-group induced quasi-steady flow circulations (very-low 
frequency oscillations) and the rip current spacing. This suggest that the scouring associated with the flow 
circulations of the initial wave groups triggers the development of rip channels via a positive feedback 
mechanism in which the small scour holes start attracting more and more discharge. 
 Observations of vertical distribution of cross-shore and alongshore flows during the Sandy Duck 
experiment are compared with model predictions to assess the parameters governing the flow behavior 
(Reniers et al, 2004). Observations during breaking wave conditions show that the maximum return flow 
velocities occur in the lower part of the water column, and under non-breaking conditions the maximum 
return flow velocities are closer to the water surface. The measured longshore current velocity profiles are 
logarithmic under non-breaking conditions and become more depth-uniform under breaking conditions, in 
line with previous observations. 
 Six-week time series of radiation stress and nearshore circulation on alongshore scales from 10 m to 
500 m with imbedded cross-and alongshore digital EM PUV arrays were measured as a component of the 
NCEX field program. 
 Wave breaking and bottom boundary layer structure within the surf zone were observed using the 1cm 
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INTERANNUAL TO DECADAL OCEAN VARIABILITY AND PREDICTABILITY 
Robin T. Tokmakian, Research Associate Professor  
Department of Oceanography 
Sponsor: National Aeronautics and Space Administration 
 
SUMMARY: The completion of this grant has shown the usefulness of satellite altimetry data to evaluate 
and understand the ocean’s variability on time scales up to decades through using satellite altimetry in a 
synergetic manner with a longer time series of ocean model output.  
 The analyses of the ocean model in context of satellite altimeter data were completed. The final 
analyses were applied to the POP ocean model simulation of 0.2°, which covered a period of 40 years. The 
results included how satellite data might be used to understand the change of heat content in the North 
Pacific and its relationship to fisheries, the use of the model to test how altimeter data might be used to 
monitor the meridional overturning of the North Atlantic, and an examination of the extent the ocean 
variability signal is stationary over low frequencies.  
 The first paper listed continued the analysis of a one quarter degree POCM 20 year simulation, 
evaluated in terms of the heat content of the upper ocean and how it might relate to changes in the fisheries 
of the North East Pacific (Ref. Tokmakian, R., “Monitoring North Pacific Heat Content Variability; An 
Indicator of Fish Quantity?” Earth Interactions, 2004). The paper found that using altimeter data sampled 
across the basin because if reflects the change in temperature of the upper waters, might be looked as a tool 
to understand and predict changes to the fisheries on a broad scale. 
 The use of the model to test a theory that the monitoring of the meridional overturning signal should be 
possible using altimetric data and bottom pressure measurements along a meridian (26°N) in the Atlantic. 
The feasibility of using satellite altimetric data to measure the meridional overturning circulation (MOC), 
i.e., the full-depth water mass transport, in the North Atlantic was examined using the Parallel Ocean 
Climate Model. A statistical method of linear regression on the simulated satellite observations of ocean 
bottom pressure and sea surface height (SSH) over a 20-year period from the model yields an estimate of 
the MOC strength. As much as 93.5% of the variability in the smoothed transport is explained. This 





al., 2005. Such a calculation could with observed data could be a useful way to monitor the changes in the 
North Atlantic and contribute to the development of methods to predict that behavior of the MOC. 
 Finally, using methods of principle components, the 40-year POP simulation was examined to 
understand the nature of the ocean’s variability and how stationary the signal of sea surface height and sea 
surface temperature is (Tokmakian, 2005). An examination of the model’s representation of the upper 
ocean can help increase understanding of how to make full use of the satellite altimeter data set to 
understand past, and perhaps future, oceanic variability. The ocean's variability signal and the extent to 
which it is stationary were explored in this paper using two methods of statistical decomposition. Empirical 
orthogal functions (EOFs) have been used extensively in recent years to explore the primary spatial and 
temporal distribution of the ocean's variability on both basin and global scales. Such empirical 
segmentation of time series is sometimes used as a way to extend time series back in time. This paper, 
using both EOFs and cyclostationary EOFs explores the spatial distribution of the ocean's variability and its 
relationship to the dynamic climate signal and how the primary patterns are modified in time. Using a 
relatively high resolution ocean model (0.2°) forced with a 40+ year time series of realistic NCEP 
atmospheric fluxes, the variability of the interannual and longer sea surface height and upper ocean 
temperature signals are quantified with respect to how stationary they are. While a percentage of the 
ocean's variability is relatively stationary (mostly in the tropics), a significant proportion is not. These non-
stationary areas are located in regions of smaller spatial scales and in areas like the Northeast Pacific basin. 
In SUMMARY: 1) A large part of the ocean is fairly stationary. The details of the error maps show where 
non-stationary signals are observed in the model fields; 2) Cyclostationary EOFs have not proven to be a 
useful tool to separate out an underlying cyclic pattern that maybe distinquished from non-stationary 
random signals. (Although an approximately two year cycle test is shown here, others were examined.); 3) 
Careful use and interpretation of results should be made when assuming a stationary signal to estimate the 
prior behavior of the global ocean. Care must be taken when using a small subset of spatial points to 
estimate changes over large areas; 4) Regional experiments of the Northeast Pacific were also examined 
and the results are similar. 
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UNDERSTANDING ANTARCTIC SEA ICE AND OCEAN INTERACTIONS USING HIGH 
RESOLUTION GLOBAL ICE-OCEAN MODELS 
Yuxia Zhang, Research Assistant Professor 
Albert J. Semtner, Professor Emeritus 
Department of Oceanography 
Sponsor: National Science Foundation 
 
OBJECTIVE: To study interannual variability of the coastal polynyas around the Antarctic continent, and 
its impact on Antarctic bottom water (AABW) formation; to explore the local preconditioning processes 
and ice-ocean interactions associated with the formation of offshore polynyas in the Southern Ocean; to 
investigate Antarctic circumpolar wave phenomenon, its oceanic and atmospheric teleconnections, and 
its linkage to the interannual variability of coastal polynyas and AABW formation. This research was 
conducted using high-resolution global climate models. 
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 Conventional and Nuclear Weapons and their Effects 
 Underwater Acoustics 
 Free Electron Laser Physics 
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 Lawrence Livermore National Laboratory Chair Professor 
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RESEARCH FACILITIES:  
 
The Physics Laboratories are equipped to carry on instruction and research work in acoustics, atomic, and 
molecular physics, electro-optics, spectroscopy, laser physics, computational physics, optical propagation, 
sensor physics and transient electrical discharges. 
 The Optical Physics and Sensors Laboratory uses imaging, spectroscopic and sensing systems 
from far infrared to ultraviolet wavelengths, including instrumentation for seagoing, airborne and 
ground-based measurements. 
 The Acoustics Laboratory equipment includes a large anechoic chamber, a small reverberation 
chamber and a multiple-unit acoustics laboratory for student experimentation in acoustics in air. 
Sonar equipment, test and wave tanks and instrumentation for investigation in underwater sound 
comprise the Underwater Acoustics Laboratory, a scale-model of a shallow water waveguide for 
the study of environmentally adaptive sonar and high-speed digital acoustic communication. The 
Physical Acoustics Laboratories are equipped with a variety of modern data collection and 
processing equipment. 






















RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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DEVELOPMENT OF A TWO-DEGREE-OF-FREEDOM MOBILE RAYLEIGH WAVE SOURCE 
ARRAY 
Steven R. Baker, Associate Professor 
Department of Physics 
Sponsor: Office of Naval Research 
 
SUMMARY: Supported development and evaluation of transverse source array concepts for use in seismic 
sonar for buried mine detection. The array concepts were composed of a number of two-degree-of-freedom 
(DOF) inertial mass shaker modules, designed to selectively excite the elliptical ground motion preferred 
by the Rayleigh wave. The concepts were evaluated for their ability to selectively excite Rayleigh waves, 
their directivity, and their ease of mobility and deployment. 
 
KEYWORDS: Rayleigh Wave Source Array, Seismic Sonar, Mine Detection 
 
 
FOUNDATIONS OF RADAR IMAGING AND THE APPLICATION OF ARBITRARY 
INTERROGATING SIGNALS 
Brett H. Borden, Associate Professor 
Department of Physics 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To examine the nature of radar image artifacts and their relationship to scattering model 
mismatch with radar measurements. To develop a generalized radar imaging model that allows for arbitrary 
pulse shape and collection geometries.  
 
SUMMARY: This research is part of a continuing 6.1 effort to build a unified theory of radar imaging. The 
PI’s 2004 goals focused on creating a generalized method for radar imaging that didn’t rely on the start-
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Guan, L.K., “Battle Damage Assessment Using Inverse Synthetic Aperture Radar (ISAR),” Master’s 
Thesis, Naval Postgraduate School, December 2004. 
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RADAR IMAGING OF TARGETS UNDER FOLIAGE CLUTTER 
Brett H. Borden, Associate Professor  
Department of Physics 
Sponsor: Naval Postgraduate School  
 
OBJECTIVE: Novel methods for applying low-resolution Foliage Penetrating Radar data (FOPEN) to the 
problem of target discovery and classification/recognition. 
 
SUMMARY: This effort represented the second year of the Research Initiation Program that was awarded 
to the Principal Investigator (PI) by the Naval Postgraduate School (NPS). During this time the possibility 




continuation of work performed by the PI and his collaborator during FY03). A novel new scheme based 
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Yong, S.W., “Radar Polarimetry,” Master’s Thesis, Naval Postgraduatte School, December 2004.  
 
KEYWORDS: SAR, Doppler imaging, FOPEN 
 
 
SMALL-SYSTEM VECTOR PROCESSING FOR SUBSPACE FITTING OF RADAR IMAGE 
MODELS 
Brett H. Borden, Associate Professor  
Department of Physics 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Investigated the implementation issues associated with porting an algorithm (recently 
developed by the principal investigator) to “real time” radar imaging schemes appropriate to Department of 
Defense weapons platforms. 
 
KEYWORDS: Vector Processing, Subspace, Radar Image Models 
 
 
FLEXIBLE POLYMER DISPLAYS FOR FIREFIGHTING 
LT Jon Brisar, USNR 
Department of Physics 
Sponsor: Space and Naval Warfare Systems Commmand - San Diego 
 
OBJECTIVE: To develop a prototype flexible polymer light emitting display designed for firefighting and 
other shipboard damage control and communications applications. Researchers applied a unique low-cost 
screen-printing technology for organic, light emitting polymers to the development of a new technology for 
low bandwidth, individual communications. 
 
KEYWORDS: Polymer Display, Firefighting, Communications 
 
 
THE BASICS OF UNDERWATER LAUNCH FLOW 
Ronald E. Brown, Research Professor 
Department of Physics 
Ashok Gopinath, Associate Professor 
Department of Mechanical and Astronuatical Engineering 
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Navy Strategic Systems Programs Headquarters 
 
OBJECTIVE: To begin development of the basic numerical simulation capability to predict the essential 
fluid dynamic characteristics associated with an underwater missile launch. A suitable off-the-shelf 
commercial Computational Fluid Dynamics (CFD) package will be used for the simulation and the results 
validated against existing flight and numerical data. The long-term multi-year objective is to increase the 
sophistication and complexity of the numerical simulation and incorporate new features such as shallow 




a reliable predictive tool that could be used in conjunction with real live-fire testing and flight data. This 
work will expand the existing core effort at the Naval Postgraduate School (NPS) in support of other 
Strategic System Programs (SSP) and will involve NPS faculty and U.S. Naval officer graduate students in 
various disciplines to develop an in-house base of knowledge and expertise in missile launch technology. 
 
SUMMARY: This was the first year of a multi-year research effort at NPS sponsored by the Navy 
Strategic Systems Programs Headquarters. The work, initiated in November 2004, was carried out in 
collaboration with the Lockheed Martin Co. in Sunnyvale, California, which provided NPS with the 
necessary data and specifications. The achievements will be documented by the end of FY05 and used to 
chart out future objectives.  
 
KEYWORDS: Computational Fluid Dynamics, CFD, Underwater Launch, Two-Phase Flow, Turbulence  
 
 
CONTINUED INVESTIGATION OF THE EFFECTS OF DETONATION MERGING ON 
UNDERWATER BLAST 
Ronald E. Brown, Research Professor 
Department of Physics 
Ashok Gopinath, Associate Professor 
Department of Mechanical and Astronuatical Engineering  
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This continuing effort is directed towards exploring and quantifying means for applying the 
detonation merging mechanism for enhancing explosive blast.  
 
SUMMARY: Detonation rates predicted by a finite difference code were found to be in excellent 
agreement with those reported from a spherical explosive implosion experiment. In addition, the supra-
pressure conditions, above the Chapman-Jouguet state, leading to these increases in detonation rates were 
established. These results provide confidence in the code and equations of state models employed to 
accurately predict detonation rates resulting from detonation convergence. Additional simulations of 
underwater blast experiments performed by the Naval Surface Warfare Center (NSWC) and SRI were also 
completed for purposes of forming bases of comparison for the evaluation of novel design schemes derived 
for increasing the directionality and intensity of underwater explosive detonation. Two explosive devices 




Brown, R., “Investigation of the Effects of Detonation Merging on Underwater Blast,” Naval Postgraduate 
School Report, Annual Report RBHB3-AR-01reb, Office of Naval Research Contract N0001405WR 
20144, July 2004, (limited distribution). 
 
THESES DIRECTED:  
 
Biesterveld, A., “Novel Techniques for Enhancing Blast Intensity and Directionality,” Master’s Thesis, 
Naval Postgraduate School, June 2004. 
 
Moore, T., “Constructive Explosive Blast and Shock Focusing,” Master’s Thesis, Naval Postgraduate 
School, March 2004. 
 







EXPLOITATION OF THE DETONATION MERGING MECHANISM FOR ENHANCING 
SHAPED CHARGE PERFORMANCE 
Ronald E. Brown, Research Professor 
Department of Physics 
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This continuing investigation is directed toward exploring means for enhancing the 
performance of shaped charges by detonation merging and the incorporation of reactive materials at 
strategic locations within a liner.  
 
SUMMARY: The upper limits of shaped charge performance of a projected underwater warhead system 
against a complex threat were predicted based on theoretical arguments and computational analyses. 
Shaped charge jetting requirements to achieve these performance levels were estimated. The finite 
difference techniques used in these analyses were quantitatively validated by correlation with results from 
previous experiments. 
 A model derived to predict the limits of coherent jetting was used to establish maximum jet tip 
velocities and basic design parameters for achieving these velocities were established as inputs to parallel 
independent design development program. Predictive techniques for differentiating collapse, flow and 
stagnation vectors during the explosively driven collapse of a shaped charge liner were demonstrated, in 
support of the coherency model and for purposes of forecasting conditions that might lead to the high 




Phua, T., Moore, T., and Brown, R., “Quantitative Code Evaluation for Predicting Shaped Charge Jet 
Stability and Characteristics,” Proceedings of the 21st International Ballistics Symposium, Vol. 1, 49-56, 




Phua, T., Moore, T., Kulawiak, M., and Brown, R., “Quantitative Code Evaluation for Predicting Shaped 





Brown, R.E, “Exploitation of the Detonation Merging Mechanism for Enhancing Shaped Charge 
Performance,” Naval Postgraduate School Annual Report, RPBB3-AR-1reb, Office of Naval Research 




Kulawiak, M., “Strong Detonation Effects on Shaped Charge Jetting,” Master’s Thesis, Naval Postgraduate 
School, June 2004. 
 






FIRST PRINCIPLES PREDICTION OF X-RAY IMPULSE 
Ronald E. Brown, Research Professor 
Department of Physics  
Ashok Gopinath, Associate Professor 
Department of Mechanical and Astronuatical Engineering  
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Navy Strategic Systems Programs Office 
 
OBJECTIVE: To develop a first-principles physics model for predicting the impulse induced on selected 
surfaces by an X-ray burst in space. Validate the theoretical model by comparing predictions with available 
underground test data and other experimental data.  
 
SUMMARY: This multi-year research project supports the Trident Stockpile-to-Target Stewardship 
program. The 2003 calendar year research provided confidence in the hydrocode model since the 
AUTODYN hydrocode compared favorably with the Sandia National Laboratories (SNL) CTH hydrocode 
in predicting the effects of an x-ray burst on the RV aeroshell (LT Sylvester’s Master’s Thesis). As a result 
of a 1 March 2004 meeting with the Strategic Systems Programs (SSP) chief scientist, it was concluded that 
further work should be based on the CTH hydrocode (vice AUTODYN) to take advantage of related SSP 
funded-research at SNL utilizing CTH. In particular the continuing effort at NPS should address improving 
the physics model, including the EOS and effects of viscosity. Due to late receipt (June 2004) of the two-
year funding for this task and the Principal Investigator’s academic schedule, further research efforts had to 
be postponed until CY 2005.  
 
THESIS DIRECTED:  
 
Sylvester, C.A., “Cold X-Ray Radiation Absorption and Material Response: Numerical Model to Predict 
Blow-Off and Impulsive Loading in Re-Entry Vehicles,” Master’s Thesis, Naval Postgraduate School, 
March 2004. 
 
KEYWORDS: X-ray, Lasers, Weapons Effects 
 
 
INVESTIGATION OF THE EFFECTS OF DETONATION MERGING ON UNDERWATER 
BLAST 
Ronald E. Brown, Research Professor 
Department of Physics  
Sponsor: Naval Surface Warfare Center - Indian Head Division 
 
SUMMARY: This effort was directed towards exploring and quantifying means for applying the 
detonation merging mechanism to focus the gaseous products detonation towards a dynamic cavity in the 
water and optimize the high pressure gaseous before the cavity is pinched off by shock reflections and 
hydrostatic pressure. 
 






RESEARCH IN SUPPORT OF UNDERWATER TECHNOLOGIES PROGRAM EXPLOITATION 
OF THE DETONATION MERGING MECHANISM FOR ENHANCING SHAPED CHARGE 
PERFORMANCE 
Ronald E. Brown, Research Professor 
Department of Physics 
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This continuing investigation is directed toward exploring means for enhancing the 
performance of shaped charges by detonation merging and the incorporation of reactive materials at 
strategic locations within a liner.  
 
SUMMARY: The upper limits of shaped charge performance of a projected underwater warhead system 
against a complex threat were predicted based on theoretical arguments and computational analyses. 
Shaped charge jetting requirements to achieve these performance levels were estimated. The finite 
difference techniques used in these analyses were quantitatively validated by correlation with results from 
previous experiments. 
 A model derived to predict the limits of coherent jetting was used to establish maximum jet tip 
velocities and basic design parameters for achieving these velocities were established as inputs to parallel 
independent design development program. Predictive techniques for differentiating collapse, flow and 
stagnation vectors during the explosively driven collapse of a shaped charge liner were demonstrated, in 
support of the coherency model and for purposes of forecasting conditions that might lead to the high 
pressure, high temperature state changes during jet formation. Funding has been received to continue this 
investigation. 
 
CONFERENCE PUBLICATION:  
 
Phua, T., Moore, T., and Brown, R., “Quantitative Code Evaluation for Predicting Shaped Charge Jet 
Stability and Characteristics,” Proceedings of the 21st International Ballistics Symposium, Vol. 1, 49-56, 




Phua, T., Moore, T., Kulawiak, M., and Brown, R., “Quantitative Code Evaluation for Predicting Shaped 





Brown, R.E, “Exploitation of the Detonation Merging Mechanism for Enhancing Shaped Charge 
Performance,” Naval Postgraduate School Annual Report, RPBB3-AR-1reb, Office of Naval Research 
Contract N0001405WR20144, July 2004, (limited distribution).  
 
THESIS DIRECTED:  
 
Kulawiak, M., “Strong Detonation Effects on Shaped Charge Jetting,” Master’s Thesis, Naval Postgraduate 
School, June 2004. 
 







UNDERWATER WARHEAD TECHNOLOGY 
Ronald E. Brown, Research Professor 
Department of Physics  
Sponsor: Office of Naval Research 
 
SUMMARY: This effort was directed towards exploring and quantifying the potential for using the 
combined effects of detonation merging and reactive shaped charge concepts for the purpose of developing 
an enhanced performance offensive capability for the 6.25 sized vehicle without degrading performance. 
 
KEYWORDS: Detonation Mergin, Underwater Warhead, CFD 
 
 
UNDERWATER WARHEAD TECHNOLOGY BASIC INVESTIGATION OF REACTIVE 
MATERIAL JETTING 
Ronald E. Brown, Research Professor 
Department of Physics  
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Office of Naval Research 
 
OBJECTIVE: The proposed research is directed towards modeling the kinetic and chemical processes of 
hydro-reactive jet streams, and developing predictive techniques for studying the effects of reaction on 
bubble formation and potential pressure loading against submerged structures.  
 
SUMMARY: The potential of enhancing the terminal effectiveness of a shaped charge jet using reactive 
liner materials has been predicted based on a computational investigation. This investigation is based on 
previously observed indications of reactive combustion of aluminum and intermetallic jets in water. A 
computational model was developed and implemented in a finite difference code to simulate the 
exothermic reaction about the erosion front of jets during hydrodynamic impact and penetration into 
submerged structures. The additional energy released during the impact of a reactive penetrator increases 
plastic work and thermal weakening in a target. As a result, hole size and penetration depth can increase by 
substantial margins over that from kinetic energy deposition alone. It is also shown that energy coupling is 
critically dependent on reaction rate: That is, reaction rate must match or nearly match penetration rate. The 
effects of the direct normal impact of 4 km/sec aluminum rods against submerged steel plates of various 
thicknesses, and thin plates laterally positioned from the flow direction were also estimated. 
 Experiments recommended during these investigations are scheduled to be performed at the University 




Glosby, L., “Overview of Shaped Charge Research at NPS,” Office of Naval Research (ONR) Graduate 




Brown, R.E., “Underwater Warhead Technology Basic Investigation of Reactive Material Jetting,” Naval 
Postgraduate School Annual Report, RPHCB-AR-1reb, Office of Naval Research Contract 




Glosby, L., “Underwater Warhead Technology: Potential of Hydro-Reactive Jet Penetration,” Master’s 
Thesis, Naval Postgraduate School, December 2004. 
 
KEYWORDS: Computational Fluid Dynamics, CFD, Finite Difference, Hypervelocity Impact, 




COMPUTATIONAL FREE ELECTRON LASER RESEARCH 
Willliam B. Colson, Distinguished Professor 
Department of Physics 
Sponsor: Office of Naval Research 
 
SUMMARY: Developed computer simulation techniques and methods for the study of MW-class free 
electron laser weapons. 
 
KEYWORDS: Free Electron Laser, Simulation 
 
 
HIGH ENERGY LASER WEAPONS: MODELING AND SIMULATION 
Willliam B. Colson, Distinguished Professor  
Department of Physics 
Sponsor: High Energy Laser Joint Technology Office  
 
SUMMARY: Developed modeling and simulation of the operational maritime and land-based uses of high 
energy laser directed energy weapons. 
 
KEYWORDS: High Energy Laser, Maritime, Weapons 
 
 
POWER CONSIDERATIONS FOR ELECTRIC SYSTEMS 
Willliam B. Colson, Distinguished Professor 
Department of Physics 
Sponsor: Office of Naval Research 
 
SUMMARY: Studied power supply and energy storage requirements for electric systems on naval 
platforms. 
 
KEYWORDS: Electric Systems, Power Supply, Storage 
 
 
UNIVERSITY OF MARYLAND/NAVAL POSTGRADUATE SCHOOL (NPS) FREE ELECTRON 
LASER RESEARCH 
Willliam B. Colson, Distinguished Professor  
Department of Physics 
Sponsor: University of Maryland 
 
SUMMARY: Simulations and theoretical analysis were used to study the development of high-average-
power free electron laser systems for directed energy.  
 
KEYWORDS: University of Maryland, Free Electron Laser, Directed Energy  
 
 
ANALYSIS AND TESTING OF A 3-5UM THERMAL IMAGER, DIFFERENTIAL COLOR 
FILTER, AND POLARIZATION FILTER EFFECTS 
Alfred W.M. Cooper, Professor 
Department of Physics 
Sponsor: National University of Singapore 
 
SUMMARY: This project was a joint effort between NPS and the National University of Singapore in the 
analysis and testing of a 3-5um thermal imager (TI) and the enhancement in detection using color filters 
(multispectral) and polarimetry techniques. 
 




MULTI-IR BAND DATA FUSION FOR TARGET RECOGNITION 
Alfred W.M. Cooper, Professor 
Department of Physics 
Sponsor: National Univiversity of Singapore 
 
SUMMARY: This project was a joint effort between the NPS and the National University of Singapore in 
the development of data fusion between a mid-infrared (MIR) thermal imager and a GEN II NVD to 
enhance the night detection and recognition of targets. 
 
KEYWORDS: Multi-IR Band, Target Recognition, MIR, GEN II NVD, NUS, Singapore  
 
 
ACOUSTIC RADIATION PRESSURE 
Bruce Denardo, Associate Professor 
Department of Physics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Naval Postgraduate School students and the Principal Investigator recently discovered that 
a body is attracted to a high-intensity low-frequency source of traveling sound waves, and these researchers 
believe that the effect is the result of radiation pressure. However, other nonlinear effects such as acoustic 
streaming may also be present. One of the goals of this project is to perform an experiment to measure the 
force and to compare the values to theoretical predictions based on radiation pressure. Another goal is to 
investigate possible applications, including an ultrasonic purifier for liquids or gases, where unwanted 
particles are attracted to a sound source and collected electrostatically or by another means. Such a device 
could be used to replace centrifuges for oil on submarines. Another possible application involves the recent 
discovery that a black hole is causing acoustic waves to be emitted into surrounding gaseous material. 
Acoustical attraction may thus be a mechanism for the growth of black holes.  
 
SUMMARY: Student Stan Freemyers developed a theory for radiation pressure due to an outward-
traveling spherical wave, and performed an initial experiment to measure the force and to compare the 
values to theoretical predictions based on radiation pressure. A sensitive electronic balance and the 
anechoic chamber in the basement of Spanagel Hall were utilized. Preliminary data showed reasonable 
agreement between theory and experiment in most cases, but significant disagreement in other cases. 
Further work is needed to refine the theory and experiment to account for nonspherical wave propagation.  
 
THESIS DIRECTED:  
 
Freemyers, S., “Radiation Pressure Due to a Localized Acoustical Source,” Master’s Thesis, Naval 
Postgraduate School, June 2004, (earned an Outstanding Thesis Award from the Department of Physics). 
 
KEYWORDS: Acoustic Radiation Pressure, Acoustic Radiation Force 
 
 
ACTIVE MIRROR ALIGNMENT FOR FREE-ELECTRON LASERS ON SHIPS 
Bruce Denardo, Associate Professor 
Department of Physics 
Sponsor: Naval Sea Systems Command 
 
OBJECTIVE: Sufficient alignment of the cavity mirrors of any type of laser is critical for the proper 
operation of the laser. Misalignment of the mirrors causes the gain of the laser to be reduced, and can lead 
to the laser shutting off. This will be a problem for the proposed free-electron laser weapons on ships, due 
to vibrations resulting from sea motion, ship machinery, and battlefield environment. Our objective is to 
investigate the use of active control methods to stabilize the vibrations of the mirrors such that the laser 
continues to operate at full power. Our goal is to construct a laser system that can be used to demonstrate 
the effectiveness of active alignment, and to investigate the feasibility of using active alignment methods 





SUMMARY: A previously implemented a system (LabVIEW) for the computer acquisition and control of 
data was refined. The system was successfully tested by using it in a feedback-controlled noise-driven 
electric circuit oscillator. We then used it in a mechanical system of a flexing plate with a clamped end and 
a mirror attached to the other end. The plate was driven by two small loudspeakers, one of which was the 
noise drive and the other the control drive. A laser beam was reflected off the mirror onto a position-
sensing detector, whose output was fed to a control system that reduced the vibrations of the mirror. The 
control system was the standard PID (proportional-integral-derivative) type. We achieved reduction of a 
vibration of the mirror by an order of magnitude. Future work will focus on the feasibility of using active 
control methods for the mirrors of free-electron laser mirrors on ships at sea. 
 




Bruce Denardo, Associate Professor 
Department of Physics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: Parametric excitation of an oscillatory system can occur when a source modulates a 
parameter upon which the resonance frequency of the system depends. The goal is to parametrically excite 
a sound wave mode in a gas. Once parametric excitation occurs, only a nonlinearity of the system will limit 
the growth of the amplitude. Large acoustic amplitudes may thus be possible, which has applications to 
thermoacoustic refrigerators, acoustic compressors, and acoustic pumps. The Navy is interested in 
employing all of these devices. A problem is that the parametric drive amplitude must be above a threshold 
value if any excitation is to occur. In the past, student Paul Varnadore theoretically investigated the 
feasibility of achieving parametric excitation by different methods, but only the modulation of the length of 
a longitudinal resonator was found to be feasible. Student Derek Smith built a length-modulated acoustic 
resonator, but parametric excitation failed to occur. The problem was found to be the compliance of the 
loudspeaker drivers.  
 
SUMMARY: A piston-driven pipe was considered for parametric excitation of sound, in order to avoid the 
driver compliance problem with the previous apparatus. Preliminary calculations showed that a piston-
driven pipe should be above the parametric threshold. A lawnmower piston-cylinder combination and a 6-
foot long aluminum pipe are planned to be used. The drive frequency will be twice the frequency of the 
lowest mode of the pipe for parametric excitation. The pipe will be open at the opposite end of the piston, 
which will ensure that no mode is directly driven by the piston. 
 




Bruce Denardo, Associate Professor 
Department of Physics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: When a burst of air is produced in water, the resultant bubble can form a toroid similar to a 
vortex or smoke ring. It is remarkable that such a smooth ordered structure can arise from a highly 
turbulent burst of air in water. Some dolphins generate an impressive variety of toroidal bubbles, apparently 
for entertainment. Small toroidal bubbles can occur in the cavitation collapse of spherical bubbles near a 
solid surface, which can damage propeller blades, and large toroidal bubbles have been proposed as an anti-
torpedo defense for submarines. However, few experiments are in the scientific literature. In the past, 
student Allen Hobbs built an apparatus to generate and observe toroidal bubbles, and he empirically 
quantified the conditions for which toroidal bubbles occur. For the same parameters, a toroid may form one 
time but not another. One of the current goals was to investigate if there occurs an acoustic signature that 




because it would be analogous to tornado prediction. Another goal was to determine whether or not high 
intensity acoustic noise affects the formation and propagation of toroidal bubbles. A final goal was to 
construct a large toroidal bubble apparatus for future research and for hands-on use by the public.  
 
SUMMARY: Student Ashley Harris investigated whether there occurs an acoustic emission signature that 
allows prediction of whether or not a toroidal bubble forms. We observed acoustic emissions of volume 
oscillations of toroidal bubbles. Surprisingly, the emissions occur primarily during the formation of a 
bubble, and are weak in the case of very smooth toroidal bubbles. We also investigated the effect of high 
intensity acoustic noise on the propagation of toroidal bubbles, in an attempt to observe a recent prediction 
of the acoustic drag on a bubble, which is analogous to the Einstein-Hopf effect for an oscillating electric 
dipole in a fluctuating electromagnetic field. No effect was observed, probably due to insufficient noise 
intensity. Finally, construction of a large toroidal bubble apparatus for future research and for hands-on use 
by the public was initiated. The apparatus will be in the hallway of the first floor of Spanagel Hall.  
 
THESIS DIRECTED:  
 
Harris, A., “Acoustical Properties of Toroidal Bubbles and Construction of a Large Apparatus,” Master’s 
Thesis, Naval Postgraduate School, March 2004.  
 
KEYWORDS: Toroidal Bubbles 
 
 
DETECTOR TRANSIENT SIMULATIONS FOR THE MULTIBAND IMAGING PHOTOMETER 
INSTRUMENT ON SPACE INFRARED TELESCOPE FACILITY (SIRTF) 
Nancy M. Haegel, Professor 
Department of Physics 
Sponsors: Spitzer Science Center, California Institute of Technology Jet Propulsion Laboratory  
 
OBJECTIVE: To provide numerical simulation support to the Spitzer Science Center for the study of 
transient response of the far-IR photoconductors on the Multiband Imaging Photometer. This satellite 
mission is currently in operation, following launch in August 2004. The goal is to understand the effect of 
responsivity variation due to gamma ray radiation in space on the transient response of the detectors and to 
assist with specific modeling/transient issues as they arise. 
 
KEYWORDS: Transient Response, Far-IR Photoconductors, MIPS Instrument, Latents 
 
 
DEVELOPMENT OF GAAS BLOCKED IMPURITY BAND (BIB) DETECTORS 
Nancy M. Haegel, Professor 
Department of Physics 
Sponsor: National Aeronautics and Space Administration 
 
OBJECTIVE: To extend the blocked-impurity-band (BIB) detector concepts to longer wavelengths 
through the use of GaAs as a host material. This would provide for long wavelength response to over 300 
µm. The challenge is the production and characterization of a very high purity blocking layer for the long 
wavelength material. Our contribution is the application of a numerical model for steady state BIB 
operation, which will allow for optimization of material and device parameters. This modeling work has 
already resulted in the publication of several papers and the development of an alternate operating mode 
designed specifically for long wavelength operation. BIB detectors have become the most sensitive arrays 
for the mid-IR (wavelengths beyond about 5 µm). Though not used for standard IR imaging due to the 
extreme cooling requirements, they could impact other areas of chemical spectroscopy and potentially 







Haegel, N.M., Garcia, J.C., and Zagorski, E.A., “Alternate Operating Mode for Long Wavelength Blocked 
Impurity Band Detectors,” Applied Physics Letters, (submitted). 
 
Reichertz, L.A., Beeman, J.W., Cardozo, B.L., Haegel, N.M., Haller, E.E., Jakob, G., et al., “GaAs BIB 
Development for far-IR Astronomy,” The International Society for Optical Engineering (SPIE), 5543, 231-
238, 2004. 
 
KEYWORDS: Blocked Impurity Band, BIB, Alternate Bias Mode, Far-IR BIB Detectors 
 
 
IMAGING TRANSPORT IN EMERGING SENSORS AND ELECTRONIC DEVICES 
Nancy M. Haegel, Professor 
Department of Physics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To directly image the motion of charge carriers within detectors and sensors using a new 
technique that combines both a scanning electron microscope and an optical microscope. 
 
 
IMAGING TRANSPORT: FROM THE MOTION OF CHARGE TO THE DETECTION OF 
LIGHT 
Nancy M. Haegel, Professor 
Department of Physics 
Sponsor: National Science Foundation 
 
OBJECTIVE: To develop a technique that allows for local excitation of semiconductor and other optical 
material devices and direct monitoring of charge transport paths via the collection of light from the 
recombination path. The technique utilizes a scanning electron microscope (SEM) for controlled charge 
injection, coupled with a charge-coupled device (CCD) camera for high sensitivity, high resolution imaging 
of the subsequent charge motion. It observes a sensor or detector in its actual operating mode, allowing for 
direct visualization of charge motion that can otherwise only be inferred from external current 
measurements. This direct visualization has the potential to lead to detector optimization, as well as identify 
defect and damage mechanisms that degrade performance and reduce system reliability. The need for basic 
characterization that probes the actual behavior of sensors and detectors under actual performance 
conditions continues to grow with expanding interest in the development of sensor systems for a wide 
range of the electromagnetic spectrum, as well as high-energy particles. We believe that this technique will 
have wide applicability. It has already resulted in a range of collaborations designed to demonstrate its 




Haegel, N.M., Fabbri J.D., and Coleman, M.P., “Direct Transport Imaging in Planar Structures,” Applied 




Haegel, N.M., “Imaging Charge and Imaging Stars,” Session L7 - Special Prize Session, American 
Physical Soceity (APS) Meeting, March 2004.  
 
Haegel, N.M., Hoang, V.D., and Freeman, W., “Imaging Transport: Monitoring the Motion of Charge 
Through the Detection of Light,” International Conference on the Physics of Semiconductors (ICPS 27), 
Flagstaff, AZ, July 2004, (Proceedings to be published by American Institute of Physics, in press). 
 




NUMERICAL SIMULATION OF SI:AS IMPURITY-BAND CONDUCTION (IBC) DETECTORS 
Nancy M. Haegel, Professor 
Department of Physics 
Sponsor: National Aeronautics and Space Administration - Ames 
 
OBJECTIVE: To support efforts to develop Si:As mid-IR detectors for deployment on the National 
Aeronautics and Space Administration (NASA) James Webb Space Telescope - the successor to Hubble. 
Researchers worked in collaboration with NASA Ames and Raytheon Vision Systems to utilize numerical 
modeling to understand the performance and characterization of devices. Specific goals include numerical 
modeling of field distributions in the presence of space charge effects that are not included in analytical 
modeling approximations and the use of modeling to extract new data from capacitance-voltage (C-V) 




Haegel, N. M., “Numerical Simulation of Si:As IBC Detectors,” Raytheon Vision Systems, June 2004. 
 
KEYWORDS: IBC Detectors, MIRI, Si:As Arrays, Numerical Simulation 
 
 
NUMERICAL SIMULATION OF SI:AS IMPURITY-BAND CONDUCTION (IBC) DETECTORS 
Nancy M. Haegel, Professor 
Department of Physics 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To develop the capability for imaging transport in electronic devices and sensors and to 
apply this new technique to state-of-the-art problems in device and detector physics. The technique is being 
applied in the area of new sensor materials, advanced solar cell development and polymer electronics. A 




Haegel, N.M., Hoang, V.D., and Freeman, W., “Imaging Transport: Monitoring the Motion of Charge 
Through the Detection of Light,” International Conference on the Physics of Semiconductors (ICPS 27), 
Flagstaff, AZ, July 2004, (Proceedings to be published by American Institute of Physics, in press). 
 
KEYWORDS: Imaging Transport, Polymer Electronics, Drift/Diffusion Characterization 
 
 
ARCHITECTURAL ANALYSIS OF SEAWEB AFTER NEXT: ANALYZING THE 
INTRODUCTION OF SEALAN LOCAL-AREA NETWORKS AS AN ADDITIONAL TIER IN 
THE SEAWEB INFRASTRUCTURE 
LT Hannah A. Kessler, USNR 
Department of Physics 
Sponsor: Space and Naval Warfare Systems Command - San Diego 
 
SUMMARY: Analyzed the SEAWEB architecture, composed of telesonar links that form wide-area 
networks integrating distributions of fixed, mobile, and gateway nodes as undersea wireless grids. Analysis 
of the next-generation SEAWEB, which will incorporate a centralized approach for local-area networks 
and provide a more secure infrastructure, incorporating spread-spectrum utility packets, and adaptive 
modulation. 
 







James H. Luscombe, Professor 
Department of Physics 
Sponsor: National Security Agency 
 
SUMMARY: Explored the use of the methods of non-equilibrium statistical physics to understand 
complex information systems such as computer networks. Hired Mr. Steven Huntsman of the Institute for 
Defense Analyses in Alexandria, Virginia, to perform this research in collaboration with Professor 
Luscombe. Mr. Huntsman is an expert in applying mathematical techniques to the study of physical and 
information systems of interest to the Department of Defense (DoD). 
 
KEYWORDS: Complex Information Systems, Physical Systems, Information Systems  
 
 
RAILGUN TECHNOLOGY: PROPOSAL TO CONSTRUCT A WEAPONS-GRADE RAILGUN 
TEST FACILITY 
William B. Maier, Senior Lecturer 
Department of Physics 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Built a small, weapons-scale railgun test facility to test railgun technology concepts. 
 
KEYWORDS: Railgun, Weapons  
 
 
FIRST RESPONDER CONSIDERATIONS FOR TERRORISM THREATS AND EVENTS 
INVOLVING RADIOLOGICAL WEAPONS 
Xavier K. Maruyama, Professor 
Department of Physics 
Sponsor: Department of Homeland Security 
 
SUMMARY: The guidance given to first responders is nebulous and ad hoc for eventualities such as 
radiological weapons threats and events. This country has had no experience in dealing with radiological 
weapons, and as a consequence, first responders have almost no experience in dealing with such 
eventualities. This research investigated the technologies, infrastusture capabilities, and jurisdictional 
issues, as well as the scientific basis required for a reasonable response to radiological weapons (“dirty 
bomb”). Recommendations for the formulation of sensible guidance to first responders were made. 
Findings were presented in a format amenable for use in a classroom presentation, illustrating the technical 
aspects of a particular scenario, emphasizing the relationship between first responders and subsequent other 
state and federal agencies. 
 
KEYWORDS: First Responsder, Radiological Weapons 
 
 
CHIEF OF MILITARY OPERATIONS RESEARCH AND DEVELOPMENT TECHNICAL 
ASSISTANCE 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Defense Intelligence Agency 
 
SUMMARY: Supported the CMO in measurement and signals intelligence (MASINT) research and 
development efforts. Particular efforts in chemical/biological warfare were pursued. The proposal supports 
the CMO chair at the Naval Postgraduate School. 
 





DEFENSE INTELLIGENCE AGENCY MULTISPECTRAL-THERMAL-
IMAGERY/SHORTWAVE-INFRARED POLARIZATION TEST SUPPORT 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Defense Intelligence Agency/Central Measurement and Signals Intelligence 
(MASINT) Organization 
 
OBJECTIVE: To provide technical assistance to the sponsor in areas of interest as directed, including 
support for the Measurement and Signals Intelligence (MASINT) Chair at the Naval Postgraduate School. 
 
SUMMARY: Support for the Defense Intelligence Agency (DIA) mission was provided by the MASINT 
Chair. MASINT design studies were carried out in the National Systems classes. 
 
THESIS DIRECTED:  
 
Rios, M., “Utilizing Synthetic Aperture Radar to Predict Helicopter ‘Brown-Out,’” Master’s Thesis, Naval 
Postgraduate School, September 2004.  
 
KEYWORDS: MTI, SWIR, MASINT 
 
 
MULTI-LOOK TECHNIQUES FOR TERCAT 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Secretary of the Air Force 
 
OBJECTIVE: To study the effects of viewing angle on the interpretation of spectral imagery.  
 
SUMMARY: Data were successfully collected using the Quickbird satellite. This was the first time that a 
commercial (civilian) remote sensing system made observations at high-spatial resolution at multiple 
angles. Preliminary data analysis of bi-directional reflectance function (BDRF) effects showed that 
classification accuracy is increased. 
 
KEYWORDS: ISR, Spectral Imagery, Quickbird 
 
 
NEXT-GENERATION ATTENUATION (NGA) SPECTRAL TEST PLANNING AND GROUND 
TRUTH SUPPORT 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Defense Intelligence Agency 
 
OBJECTIVE: To provide technical assistance to the sponsor in areas of interest as directed.  
 
SUMMARY: Support to the NGA mission was provided.  
 
THESIS DIRECTED:  
 
Fountanas, L., “Principal Components Based Techniques for Hyperspectral Image Data,” Master’s Thesis, 
Naval Postgraduate School, December 2004. 
 






SYSTEMS INFORMATION TECHNICAL ADVISORY COMMITTEE (SITAC) SUPPORT 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: Proposed research is in the area of high-spectral resolution multi-spectral imagery in 
combination with high-resolution panchromatic imagery. Data from Quickbird and IKONOS satellites 
analyzed for terrain classification using MSI techniques combined with texture analysis of panchromatic 
imagery. 
 
KEYWORDS: Environmental Montioring, Remote Sensing 
 
 
TECHNICAL SUPPORT TO THE OFFICE OF THE SECRETARY OF DEFENSE (OSD) 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Office of the Under Secretary of Defense  
 
SUMMARY: Support provided for the Deputy Under Secretary of Defense (DUSD). 
 
KEYWORDS: SITAC, DUSD 
 
 
TECHNICAL SUPPORT FOR PROCESSING SEGMENT 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Secretary of the Air Force 
 
SUMMARY: Support will be provided and processing of new data for military systems. 
 
KEYWORDS: Environmental Montioring, Remote Sensing 
 
 
TECHNICAL SUPPORT TO THE SECRETARY OF THE AIR FORCE 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Secretary of the Air Force 
 
SUMMARY: Support provided for the Air Force. 
 
KEYWORDS: Processing, SAR 
 
 
TACTICAL EXPLORATION OF NATIONAL CAPABILITIES (TENCAP) TACTICAL IMAGING 
SYSTEMS TASKING FOR TEMPORAL SIGNATURES 
Richard C. Olsen, Professor 
Department of Physics 
Sponsor: Navy Tactical Exploration of National Capabilities (TENCAP) 
 
OBJECTIVE: To study a new technique for detecting and measuring ground motion.  
 
SUMMARY: Data was successfully collected using the Quickbird satellite. Two experiments were 





THESIS DIRECTED:  
 
Riter, A.C., “Single-Pass Detection and Measurement of Cyclic Rotational Phenomena with High 
Resolution Satellite Imagery,” Master’s Thesis, Naval Postgraduate School, September 2004.  
 
KEYWORDS: TECAP, Ground Motion, Quickbird 
 
 
UV SPECTRAL IMAGING FOR GAS ID AND MATERIAL ID 
Richard C. Olsen, Professor 
Department of Physics 
Sponsors: National Science Foundation and National Reconniassance Office  
 
OBJECTIVE: To test the viability of spectral imaging in the near ultraviolet for gas detection and material 
ID.  
 
SUMMARY: The Lineate Image Near Ultraviolet Spectrometer (LINUS) sensor was modified to add a 
bore-sighted visible camera for pointing and context. The system was calibrated spectrally (for 
wavelength), and for response to varying concentrations of sulfur dioxide (SO2). Several field tests were 
conducted with LINUS. A multi-spectral camera using the Foveon focal plane was purchased, calibrated, 
and exercised in preliminary tests to determine its utility for multi-spectral imaging in the near ultraviolet.  
 
THESES DIRECTED:  
 
Cabezas, R., “Design of a Bore Sight Camera for the Lineate Image Near Ultraviolet Spectrometer 
(LINUS),” Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Cheak, S. F., “Detecting Near-UV and Near-IR Wavelengths Using the Foveon Image Sensor,” Master’s 
Thesis, Naval Postgraduate School, December 2004. 
 
KEYWORDS: UV Imaging, Gas ID, Material ID 
 
 
UV SPECTRAL IMAGING FOR GAS ID AND MATERIAL ID 
Richard C. Olsen, Professor 
Gamani Karunasiri, Associate Professor 
Department of Physics 
Sponsor: National Reconnaissance Office 
 
OBJECTIVE: To investigate the use of high-resolution visible focal array camera for UV and NIR 
imaging spectroscopy. 
 
SUMMARY: Conducted laboratory and field measurements in gas detection (smoke stacks, volcanic 
plumes), and in target materials, plants, and general backgrounds using UV spectral measurements. 
Explored the feasibility of developing a UV multispectral imaging camera using the Foveon’s three color 





Cheak, S. F., “Development of NIR and UV Camera,” Master’s Thesis, Naval Postgraduate School, 
December 2004. 
 






MITIGATING PLASMA-INDUCED ATTENUATION OF COMMUNICATIONS SIGNALS IN 
THE UPPER ATMOSPHERE 
Capt. Rodger S. Pitt, USA 
Department of Physics 
Sponsor: Space and Naval Warfare Systems Commmand - San Diego 
 
SUMMARY: Investigated potential solutions to maintaining commumications through the plasma field 
that surrounds/engulfs a high-speed space vehicle while either passing through or skipping off of the upper 
atmosphere (i.e., phugoid re-entry vehicle). This research examined the plasma effects on a multitude of 
signals, including geolocation and command and control. 
 
KEYWORDS: Communications Signals, Plasma-Induced Attentuation 
 
 
SEAWEB TECHNOLOGY FOR SPECIAL WARFARE 
Joseph A. Rice, SSC San Diego Engineering Acoustics Chair 
Department of Physics 
Sponsor: Office of Naval Research 
 
SUMMARY: Developed undersea networking and telesonar communication/navigation for application to 
naval special warfare. 
 
KEYWORDS: SEAWEB, Undersea Networking, Telesonar  
 
 
TELESONAR TECHNOLOGY FOR NAVAL SPECIAL WARFARE  
Joseph A. Rice, SSC San Diego Engineering Acoustics Chair 
Department of Physics 
Sponsor: Office of Naval Research 
 
OBJECTIVE: This project advances undersea acoustic signaling (telesonar) and Seaweb networking 
technologies for applications associated with Naval Special Warfare. The issue of primary concern was 
transmission security (TRANSEC) for reduced detectability by unauthorized listeners and resistance to 
jamming. Fiscal Year 2004 basic tasks included implementation and testing of Direct-Sequence Spread-
Spectrum (DSSS) modulation for Seaweb utility packets; implementation and testing of selective automatic 
repeat request (SRQ) for reliable networked transport of imagery data; and demonstration of Seaweb 
capabilities in collaboration with U.S. Special Operations Command (USSOCOM) projects. 
 
SUMMARY: Telesonar signaling involves broadcasting energy into the undersea environment. What 
recourse is available to system designers and mission planners to conceal the use of such energy from an 
adversary? In a tactical situation, how can telesonar signaling be made immune to jamming and other 
countermeasures? Given the constraints of telesonar signaling, is there a practical way to satisfy the 
competing requirements for TRANSEC, link availability, communications reliability, information 
bandwidth, and range? 
 Background: Telesonar acoustic communication and navigation are enabling undersea warfare 
technologies developed during the past six years at SSC San Diego with Office of Naval Research (ONR) 
support. Telesonar links form distributed wide-area networks called Seaweb. Seaweb after Next, now in 
conceptual development, will add a subtier of service for greater density of autonomous systems organized 
as centralized local-area networks called Sealan. Sublink is networking involving the submarine at speed 
and depth as a mobile node on the Seaweb grid. Radio/acoustic communications (RACOM) buoys are 
gateway nodes (in the form of buoys and AUVs) that have now routinely incorporated line-of-sight Free 
Wave packet radios, CDPD cellular telephone modems, and iridium satcom modems. 
 






UNDERSEA ACOUSTIC COMMUNICATIONS FOR NAVAL SPECIAL WARFARE 
Joseph A. Rice, SSC San Diego Engineering Acoustics Chair 
Department of Physics 
Sponsor: Office of Naval Research 
 
SUMMARY: Advanced transmission security for undersea acoustic communications. A planning letter 
from the Naval Postgraduate School (NPS) to the Office of Naval Research (ONR) dated 15 January 2003 
detailed the nature of the core research project and optional tasking. The work was performed as an activity 
of the NPS Physics Department and the NPS Undersea Warfare Center. This work involved NPS thesis 
research. SSC San Diego personnel were involved, and SSC San Diego awarded a contract to Benthos, Inc. 
 
KEYWORDS: Acoustic Comunication, Naval Special Warfare 
 
 
PERTURBATION MODELING AND DATA ANALYSIS IN THE ASIAN SEAS 
INTERNATIONAL ACOUSTICS EXPERIMENT (ASIAEX) 
Kevin B. Smith, Associate Professor 
Department of Physics 
Sponsors: Naval Postgraduate School and Office of Naval Research  
 
OBJECTIVE: To model various propagation features within the East China Sea component of the 
Perturbation Modeling and Data Analysis in the Asian Seas International Acoustics Experiment (ASIAEX) 
experiment. Specifically, the influence of propagation on both interface and volume reverberation over a 
large bandwidth of frequencies was examined and compared with data collected, and a variability study of 
direct path propagation through water volume fluctuations was performed. By understanding the role of the 
acoustic propagation in such signals, a more clear description of the underlying role of propagation on 
scattering mechanisms and direct path variability is revealed. This may provide important information on 
the statistics of the signal, enhancing the use of active systems by accounting for some of the structure in 
the signal processing. 
 
SUMMARY: The theoretical development of the PE reverberation model and the introduction of bottom 
interface and volume variability were completed in FY00-01. In FY02, the inclusion of sediment density 
fluctuations was treated, as well as the introduction of measured sound speed profile data, a subbottom 
interface, and geoacoustic parameters as measured during the East China Sea part of ASIAEX. This 
completed the development of the reverberation model. In FY03, the main focus was on the analysis of 
model generated data. Additionally, the influence of water volume turbulence and multiple radial 
interface/volume perturbations were examined. A model of the SUS source spectrum was also introduced 
in the postprocessing. In FY04, the majority of the effort was devoted to analysis of the measured SUS 
reverberation data, and computing more thorough statistics of the vertical coherence calculations of both 
measured and modeled data. Additional environmental perturbations and experimental configurations were 
also incorporated into the model results.  
 The results from the reverberation modeling during FY04 were unable to recreate the problems 
associated with the SUS source spectra observed in the previous analysis, presumably due to the use of the 
complex spectra in this latest analysis. This suggests that SUS data may indeed be used to distinguish 
interface and volume reverberation, as predicted by theory. Consistent with the previous analysis was the 
rather odd result that the volume reverberation coherence was found to consistently improve slightly with 
decreasing bandwidth. This is in contrast to the previous theoretical work, and the physical mechanism 
behind this effect is still being considered. 
 In the variability study of the effect of water column turbulence on water-bourne propagation, several 
key features were studied. Specifically, the direct influence of variations of the turbulent strength parameter 
and outer cut-off length scale on vertical coherence was completed. In addition, the indirect influence of the 
background sound speed profile as well as variable source/receiver geometry was analyzed. Some simple 
analysis of ray path propagation through the measured background profiles was also performed in order to 





 The analysis of the short-range water-bourne propagation stability through turbulent fluctuations 
produced some very interesting results. The effects of varying the turbulence strength and outer cut-off 
length scale produced responses as expected. For all other parameters fixed, increases in the strength of the 
perturbation field produced degradations in signal coherence. Also, as the outer cut-off length scale was 
varied above or below the Fresnel scale, the model results strongly suggested that the scattering is 
dominated by perturbations at those scales. 
 However, some surprising results were found when considering variable source/receiver geometry or when 
the background sound speed profile was changed. Most noteworthy was the observation that these effects 
seemed to be correlated with propagation path. Specifically, for fixed scales of the turbulent perturbations, 
the greatest amount of signal degradation appeared to occur along those propagation paths that most 
strongly interacted with the region of the thermocline, where the background sound speed profile undergoes 




Smith, K.B. and Hill, R.M., “Vertical Coherence Discrimination of Reverberation Mechanisms in Shallow 
Water – Application to ASIAEX Data in East China Sea: Part I,” Journal of the Acoustical Society of 
America, 2004, (in preparation). 
 
Smith, K.B. and Hill, R.M., “Vertical Coherence Discrimination of Reverberation Mechanisms in Shallow 
Water – Application to ASIAEX Data in East China Sea: Part II,” Journal of the Acoustical Society of 




Ead, R., Smith, K.B., and Badiey, M., “Numerical Investigation of Rough Surface Scattering in a Fetch-
Limited Environment Using a Parabolic Equation Model,” Journal of the Acoustical Society of America, 
115, pp. 2551, 2004. 
 
Smith, K.B. and Eroglu, O., “Influence of Small-Scale Turbulent Fluctuations on Direct-Path Coherence 




Ead, R., “Computing Rough Surface Doppler Effects on Broadband Pulse Propagation Using a Split-Step 
Fourier Parabolic Equation Model,” Master’s Thesis, Naval Postgraduate School, June 2004. 
 
Eroglu, O., “Analysis of the Influence of Turbulence and Environmental Variability on Broadband 
Acoustic Coherence,” Master’s Thesis, Naval Postgraduate School, September 2004. 
 
Pistacchio, D., “Source/Receiver Motion-Induced Doppler Influence on the Bandwidth of Sinusoidal 
Signals,” Master’s Thesis, Naval Postgraduate School, December 2003. 
 
KEYWORDS: Shallow Water Reverberation, Shallow Water Bottom Attenuation, Shallow Water Volume 
Variability, Parabolic Equation Modeling 
 
 
DIRECTED ENERGY VISITING SCHOLAR PROGRAM AT THE NAVAL POSTGRADUATE 
SCHOOL 
Capt. Ryan J. Umstattd, USAF, Military Faculty  
Department of Physics 
Sponsor: Joint Technology Office 
 
SUMMARY: The Directed Energy Visiting Scholars Program offers undergraduate and graduate students 




research projects at the Naval Postgraduate School (NPS). In addition, scholars pursued a course of both 
directed and independent study in the field of directed energy systems. 
 
KEYWORDS: Directed Energy Systems  
 
 
HIGH POWER MICROWAVE VULNERABILITY AND PROTECTION STUDY FOR 
DOMESTIC INFRASTRUCTURE 
Capt. Ryan J. Umstattd, USAF, Military Faculty 
Department of Physics 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: Assessed the U.S. vulnerability and response to a high power microwave attack on a 
particular infrastructure element; a small team of Naval Postgraduate School (NPS) students carried out this 
work (under supervision) in order to evaluate the feasibility of such an attack by a hypothetical terrorist 
group. An appropriate response to such an attack was proposed, including preventive measures.  
 
KEYWORDS: Microwave Attack, GWOT 
 
 
LONG PULSE DURATION TESTING OF AN EXPLOSIVE EMISSION CATHODE 
Capt. Ryan J. Umstattd, USAF, Military Faculty Department of Physics 
Sponsor: Creve Coeur Research and Engineering 
 
SUMMARY: The threshold cathode test facility at the Naval Postgraduate School performed testing on an 
existing explosive emission cathode to determine its feasibility for use under long pulse duration (up to 20 
microseconds) operation under specific voltage and current density conditions (application of 
approximately - 100 kilovolts to drae approximateley 20 amps per square centimeter). 
 
KEYWORDS: Explosive Emmision Cathoide, Long Pulse Duration 
 
 
ATMOSPHERIC EFFECTS ON LASER SYSTEMS PERFORMANCE 
Donald L. Walters, Professor 
Department of Physics 
Sponsor: Air Force Research Laboratory 
 
SUMMARY: Performed assessment, data analysis and reporting of atmospheric effects on laser system 
performance. 
 
KEYWORDS: Laser Systems 
 
 
ATMOSPHERIC OPTICAL TURBULENCE MODELING 
Donald L. Walters, Professor 
Department of Physics 
Sponsor: Secretary of the Air Force 
 
SUMMARY: Investigated numerical models NN5 and the Coupled Ocean/Atmospheric Mesoscale 
Prediction System (COAMPS) to simulate and forecast optical turbulence and utilized Naval Postgraduate 
School acoustic sonars, coupled with optical sensors, to assess the degrading effects of the atmosphere on 
systems. 
 






METEOROLOGICAL MEASUREMENTS AND MODEL DEVELOPMENT TO EVALUATE THE 
USE OF HIGH ENERGY LASERS (HEL) FOR SHIP DEFENSE 
Donald L. Walters, Professor 
Department of Physics 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Obtained the required meteorological measurements in conjunction with laser propagation 
measurements in a field test, and performed the analyses needed to develop and improve models that 
describe scintillation and refractive effects on high energy laser (HEL) performance for ship defense 
applications against anti-ship cruise missiles. 
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Space Systems Academic Group








The Space Systems Academic Group (SSAG) along with eight academic departments is an integral part of 
the Graduate School of Engineering and Applied Sciences. As an interdisciplinary association of professors 
it provides direction and guidance for two curricula: Space Systems Engineering and Space Systems 
Operations.  
 Officer students in the Space Systems curricula fulfill degree requirements for a Master of Science in 
the department of their choice or in a specialized Engineering Science. A space-oriented thesis is 
mandatory as well as course work to fulfill the requirements of a space billet. Officer graduates are 
prepared to manage the technical aspects of a space system life cycle including design, development, 
installation, and maintenance of spacecraft, space payloads, supporting ground stations, terminals, and C3 
connectivity. 
 The SSAG serves as the focal point for all space-related research performed at the Naval Postgraduate 
School (NPS). A major goal is to couple NPS space research efforts with the graduate education of military 
officers. This is typically accomplished through space-related thesis research in several areas and includes 
small satellite projects created specifically as an educational tool for officer students. The SSAG oversees 






 Space Systems Operations 





 Master of Science in Space Systems Operations 
 Master of Science in Astronautical Engineering 
 Master of Science in Electrical Engineering 
 Master of Science in Mechanical Engineering 





 Military Applications for Space 
 Space Reconnaissance and Remote Sensing 
 Radiation Hardened Electronics for Space 
 Design, Construction and Launching of Small Satellites 
 Classified (SCI level) Research  
 Satellite Communications Systems 





 Navy Space Technology Program Chair 
 Navy Tactical Exploration of National Capabilities (TENCAP) Space Chair 
 Space Systems Academic Chair 
 NASA Michael J. Smith Space Systems Chair 
 National Reconnaissance Office Chair 















 Spacecraft Research and Design Center 
 Center for Reconnaissance Research 
 Center for Radiation Hardened Electronics 





 Open Site EMI/EMC Facility 
 Satellite Ground Station Facility 
 Space Warfare Computer Laboratory 
 FLTSATCOM Satellite Operations 
 Simulation and Test Laboratory 
 Spacecraft Attitude Dynamics and Control Laboratory 
 Spacecraft Environmental Simulation an Test Laboratory 
 Radiation Effects Laboratory 
 Solar Simulation Facility 
 NPS-AFRL Optical Relay Spacecraft Laboratory 
 Flash X-Ray Facility 
 Electron Linear Accelerator 
 Small Satellite Test and Development Laboratory 
 Smart Structures Laboratory 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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CONFIGURABLE FAULT-TOLERANT ARCHITECTURES FOR RELIABLE SPACE-BASED 
COMPUTING  
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering 
Sponsor: Secretary of the Air Force 
 
OBJECTIVE: To demonstrate the value of the remote configurability of the field programmable gate 
arrays (FPGA) to space computing. To develop a single-event upset (SEU)-tolerant space-based computer 
using commercial, off-the-shelf (COTS) FPGAs to demonstrate the feasibility of using triple modular 
redundancy (TMR) to correct errors without resort to system reset. To build and fly a configurable fault-
tolerant mission computer on NPSSAT, Midstar, and a satellite in a high-radiation orbit. 
 
KEYWORDS: Space-Based Computing, FPGA, NPSSAT, Midstar, Satellite 
 
 
MARITIME DOMAIN AWARENESS SYSTEM DEMONSTRATION 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Defined the appropriate data sources, developed a tool set for data manipulation and display, 
and demonstrated improved maritime domain awareness. 
 
KEYWORDS: Maritime Domain Awareness 
 
 
MARITIME DOMAIN AWARENESS TOOL DEVELOPMENT 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering 
Sponsor: Navy Tactical Exploration of National Capabilities (TENCAP)  
 
SUMMARY: Developed tools and techniques for data fusion and analysis in support of the maritime 
domain awareness system demonstration. This research was an extension of the Center for Defense 
Technology and Education for the Military Services (CDTEMS) Maritime Domain Awareness (MDA) 
project. Navy Tactical Exploration of National Capabilities (TENCAP) provided additional funding to 
supplement the CDTEMS funding. 
 
KEYWORDS: Maritime Domain Awareness Tools 
 
 
PROJECT GUSTY ORIOLE, COMPUTER ALGORITHMS AND ARCHITECTURES FOR 
SPACE APPLICATIONS 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering 
Sponsor: National Reconnaissance Office 
 
SUMMARY: This project was concerned with the application of computer algorithms to specific military 
space projects, the development of specialized computer architectures for military space applications, and 
the support of the space initiative.  
 







ADVANCED MULTI-JUNCTION SOLAR CELLS MEASUREMENT SYSTEM FOR NPSAT1 
SATELLITE 
Rudolf Panholzer, Professor 
Space Systems Academic Group 
Sponsor: Space Missile Command 
 
SUMMARY: Funded officer student design and development of a measurement system for advanced 
multi-junction solar cells to be used on the NPSAT1micro-satellite. 
 
KEYWORDS: Solar Cells, NPSAT1, Satellite 
 
 
FERROELECTRICITY RESEARCH NEWSLETTER 
Rudolf Panholzer, Professor 
Space Systems Academic Group 
Sponsor: Office of Naval Research 
 
SUMMARY: Provided funding for a quarterly research newsletter designed to supply information on 
national and international symposia, conferences, workshops, and meetings which deal with topics of 
interest to scientists, engineers, and students in the field of integrated ferroelectrics research. 
 
KEYWORDS: Ferroelectricity, Newsletter  
 
 
TECHNOLOGY REVIEW AND UPDATE (TRAU) FOR TECHNICAL PERSONNEL 
Rudolf Panholzer, Professor 
Space Systems Academic Group 
Sponsor: Various 
 
SUMMARY: This course was intended for military and civilian (both government and non-government) 
technical personnel interested in refreshing and updating their knowledge in the areas of Internet security, 
electro-optical and infrared systems, the the future of technology, micro-electro-mechanical systems 
(MEMS), integrated circuits, bioengineering and biotechnology, integrated circuits and satellite 
communications systems. Each participant in this course was expected to be involved in work in at least 
one of the areas mentioned. The course provided a good overview and stressed the more practical aspects 
of the topics listed. 
 
KEYWORDS: Space Systems Academic Group 
 
 
AEROASSISTED MANEUVERS AND MISSION DESIGN 
I. Michael Ross, Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: National Aeronautics and SpaceAdministration - Jet Propulsion Laboratory  
 
SUMMARY: Over the past few years, the Jet Propulsion Laboratory (JPL) and the Naval Postgraduate 
School have been performing collaborative research in aeroassisted maneuvers and mission design. One of 
the key products of this research has been the development of ACAPS, a user-friendly software for 
modeling, simulating and visualizing aeroassisted maneuvers. The objective of this proposal was to set up a 
five-year partnership between JPL and NPS for research centered along aeroassisted maneuvers and 
mission design. 
 







FIRST PRINCIPLES PREDICTION OF X-RAY IMPULSE 
Donald v. Z. Wadsworth, Senior Lecturer 
Department of Electrical and Computer Engineering and Space Systems Academic Group 
Sponsor: Strategic Systems Program 
 
SUMMARY: This research was an extension of the “First Principles Prediction of X-Ray Impulse” 
research project conducted by the Naval Postgraduate School (NPS) in support of the stockpile-to-target 
stewardship (STS) program. The initial multi-year objectives were achieved and documented by the end of 
the fourth quarter of 2003:  
 
1. Studied and archived key data (reports and interviews) relevant to predicting the vulnerability of 
an RB aeroshell to an x-ray burst in space;  
2. Compared the capability of existing physics-based models (finite-element hydrocodes and 
radiation deposition codes) to predict blow-off impulse and damage to various RB composite 
materials;  
3. Modified a selected code to improve fidelity and applicability to STS;  
4. Validated the modified code against existing test data (UGT and AGT);  
5. Established a core effort in support of the Strategic Systems Programs (SSP), involving NPS 
faculty (Physics, Mechanical Engineering, Space Systems, and Electrical Engineering), graduate 
students, and consultation with Department of Energy National Laboratories, the Defense Threat 
Reduction Agency (DTRA), the Air Force Research Laboratory (AFRL), etc.  
 
The extension broadens the scope of previous efforts to include validated modeling of RB vulnerability in 
the case of new RB materials and new threats, and mitigation of identified limitations in the hydrocode 
physics models. 
 





























































































Sakoda, D., “NPSAT1 Mission Operations,” Integrated Payload Working Group (IPSWG) Meeting #6 for 
the DoD/STP STP-1 Mission, Cape Canaveral AFS, FL, June 2004. 
 
Sakoda, D., “NPSAT1 Project Status and Safety Assessment,” Integrated Payload Working Group 
(IPSWG) Meeting #7 for the DoD/STP STP-1 Mission, Titusville, FL, December 2004. 
 
Sakoda, D., “NPSAT1 Thermal Modeling Status,” Integrated Payload Working Group (IPSWG) Meeting 
#7 for the DoD/STP STP-1 Mission, Titusville, FL, December 2004. 
 
Sakoda, D., “Value of Small Satellites,” Panel Brief and Q&A, Small Payload Rideshare Conference, 
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The mission of the Graduate School of Business and Public Policy is: 
 
• To improve the managerial capabilities and leadership qualities of U.S. and international officers 
and government civilians through graduate education, research, and professional service.  
• To develop students' abilities to analyze, think critically, and take intelligent action so they can 
more effectively carry out their professional responsibilities, and lead their organizations in 
complex, and sometimes life-threatening, environment. 
• To conduct research that supports military decision-making, problem solving, and policy setting, 
improves administrative processes and organizational effectiveness, contributes knowledge to 
academic disciplines, and advances the mission of graduate education. 
• To provide professional expertise that supports the development of the Naval Postgraduate School, 
the Departments of Navy and Defense, and other branches of Government, as well as our 





Faculty research is an important component of the Graduate School of Business and Public Policy’s 
mission. As such, the school strives to “conduct research that supports military decision making, problem 
solving, and policy setting, improves administrative processes and organizational effectiveness, contributes 
knowledge to academic disciplines, and advances the mission of graduate education.”  
 The research program is integrated to the greatest possible extent with the educational process. 
Students are encouraged to participate in faculty projects, and faculty research results are typically 





The Graduate School of Business and Public Policy has primary responsibility for six graduate degrees. 
The largest degree program is a group of curricula in the Defense-focused Master of Business 
Administration, with the following curricular concentration areas: 
 
• Acquisition Management 
• Logistics Management 
• Financial Management 
• Information Management 
• Defense Management 
 
Another resident program is the Master of Science in Management, with a concentration in manpower 
analysis. 
 Distance learning graduate programs offered by the Graduate School of Business and Public Policy 
include: an Executive Masters of Business Administration degree program (targeting senior Navy 
Lieutenants through Commanders, particularly from the Unrestricted Line communities, who have middle-
management level experience); Contract Management and Program Management (for Department of 
Defense civilians at designated off-site locations), which award a Master of Science in Contract 
Management and a Master of Science in Program Management, respectively; and Leadership Education 
and Development program (for Company Commanders at the U.S. Naval Academy), which awards a 
Master of Science in Human Resources Management. 
 The Graduate School of Business and Public Policy also offers two certificate programs: the Practical 
Comptrollership Course, sponsored by the Assistant Secretary of the Navy (Financial Management and 
Comptroller), targets individuals (civilian and military) occupying or reporting financial management 
positions; and the Advanced Acquisition Program, which provides Level III education certificate in 
Program Management for the Department of Defense acquisition workforce. 




 The school’s graduates programs achieved the distinction of being one of only two graduate 
management programs in the country earning dual accreditation by AACSB-the Association to Advance 
Collegiate Schools of Business and NASPAA-the National Association of Schools of Public Affairs and 
Administration. 
 The faculty of the Graduate School of Business and Public Policy are drawn from a wide variety of 
academic disciplines in business and public sector management. The diverse, multidisciplinary character of 
the faculty is reflected in the breadth and depth of issues addressed by faculty research, which has 
historically been concentrated in areas of interest to the Departments of Defense and Navy. Therefore, 
faculty research directly enriches the instructional materials used in the curricula in the school. The topics 
and issues can be grouped into five broad areas:  
 
• Acquisition and Contract Management  
• Logistics and Transportation Management 
• Financial Management 
• Manpower Systems Analysis 
• Organization, Systems and Management  
 
 
RESEARCH THRUSTS:  
 
The primary goal of the school’s research program is to provide the Navy and the Department of Defense 
(DoD) with the capability of managing defense organizations and programs efficiently and effectively. 
Therefore, the objective of the school’s research effort is to apply the existing knowledge base in support of 
resource utilization decisions, to develop new concepts or theory if no such knowledge base exists to 
support the policy/decision making process, to enhance the relevance of the school's instructional programs, 
and to involve the students through their thesis or application project work in enhancing their decision 
making capability.  
 While concepts and the knowledge base are generally divided into different functional areas or 
disciplines, actual resource utilization decisions or policies often require multi-disciplinary efforts. 
Therefore, in addition to pursuing functional area research in those disciplines with a critical mass of 
faculty, the thrust of the school's research program is to conduct cooperative interdisciplinary research in 
areas where the school is in a strong position to become a leading force in research. It also places the school 
in a strong position to assist defense policy makers, since it allows for a coordinated, broad-based program 
under “one roof”—where researchers from diverse fields can share information and findings in a unified 





The research thrusts and faculty in each of the functional areas in the Graduate School of Business and 
Public Policy are discussed in greater detail in the following sections.  
 
Acquisition and Contract Management. Defense acquisition represents a process of critical importance to 
the military, not only to reduce taxpayer costs, but to ensure the quality and performance of today’s 
increasingly sophisticated weapon systems. Nevertheless, negligible academic research has been applied to 
systematically investigate, understand, and model the acquisition process; and current innovations in this 
domain—such as process reengineering and acquisition reform—are uncoordinated, ad-hoc, and performed 
largely on a trial-and-error basis. 
 Beginning in 2002, the Graduate School of Business and Public Policy initiated an Acquisition 
Research Program to provide leadership in innovation, creative problem solving and an on-going dialogue 
to support the evolution of Department of Defense acquisition strategies. The program goals include: 
 
• Establishing NPS acquisition research as an integral part of policy-making for the Department of 
Defense (DoD) and Navy officials.  




• Creating a stream of relevant information concerning the performance of DoD acquisition policies 
with viable recommendations for continuous process improvement.  
• Preparing the workforce to participate in the continued evolution of the defense acquisition 
process.  
• Collaborating with other universities, think tanks, industry and Government in acquisition 
research. 
 
 Supported primarily by the Graduate School of Business and Public Policy Acquisition Chair, 
currently held by RADM James Green, USN (Ret.), this research program initiated fifteen research projects 
in 2003, with the number increasing to well over 20 in 2004. These projects include several collaborative 
efforts with Dr. Jacques Gansler (former Under Secretary of Defense for Acquisition, Technology and 
Logistics) at the University of Maryland. Some research topics completed in 2003 include: transformation 
in contract closeout (Professor David V. Lamm), centralization of control in the acquisition process (Senior 
Lecturer John T. Dillard), and reduction of total ownership cost (Senior Lecturer Michael W. Boudreau and 
Lecturer Brad R. Naegle).  
 This research represents seminal scholarly work in the area of defense acquisition and draws on 
expertise in accounting, contracting, economics, information systems, law, organizational design, public 
policy, and other academic disciplines. A complete description of the Acquisition Research Program, 
including funded projects and supporting faculty, is available through the acquisition research website 
(http://www.nps.navy.mil/gsbpp/ACQN/index.htm).  
 
Logistics and Transportation Management. The primary mission of the Logistics and Transportation 
Management group is to educate military officers and Department of Defense (DoD) civilians in state-of-
the-art concepts of logistics and transportation management. Emphasis is placed on understanding both 
military and non-military applications, so that students will be prepared to perform effectively in a military 
environment and interact efficiently with civilian contractors and suppliers. The general research 
perspective of the group is focused on improving DoD logistics and transportation performance as well as 
management effectiveness. Major research thrusts in this area include: 
 
• DoD inventory policy; 
• inventory and cycle time reduction; 
• defense transportation and distribution systems; 
• modeling and simulation for logistics decision support; 
• reduction of manpower in aircraft and ship maintenance; 
• aircraft Component Improvement Program (CIP); and 
• sea-based logistics for the Navy and the Marine Corps. 
  
 Professor Kevin Gue’s projects deal with throughput and storage system models for crossdocks and 
transshipment points, with particular application to sea base design in Sea Based Logistics. Professor Doerr 
participated in a Return-On-Investment (ROI) analysis for the Advanced Technology Ordinance 
Surveillance (ATOS) Advanced Concept Technology Demonstration (ACTD). Professor Kraus analyzed 
strategic inventory stockouts when three is substitution across products by the customers. Senior Lecturer 
Don Eaton (RADM, USN (Ret.)) has been active in investigating the issues and concerns of aging aircraft 
and tactics of remediation and amelioration. 
 
Financial Management. Research in the area of financial management has become increasingly important 
since the end of the Cold War, as defense organizations “downsize” and policy makers exercise renewed 
efforts to gain maximum utility of shrinking resources at minimum cost. The Financial Management (FM) 
group has identified four major functional areas as targets of opportunity for future research. These are: 
 
• financial resource policy formulation, analysis and management; 
• enterprise resource planning systems; 
• financial matters of personnel entrusted with sensitive information; 
• cost analysis. 




 The first of these functional areas—financial resource policy formulation, analysis, and management—
covers a range of sub-areas: national defense and national security resource policy and management; 
resource planning, programming, budgeting, and policy under the Planning, Programming, Budgeting 
System; and relationships between financial management, contracting, acquisition, and other policy fields. 
Professors Larry Jones, Jerry McCaffery, and Richard Doyle have expertise in this area. Recent research 
involves assisting the Office of the Comptroller, AIRPAC, in analyzing initiatives for improving command 
management and management control, cost-reduction and cost avoidance in the Flight Hour Program 
(FHP) and in accommodating budget reductions, and analyzing the systems used to budget for homeland 
security. 
 Resource planning systems cover the development of systems, such activity-based management 
systems (ABM), enterprise resource planning systems (ERP), capable of generating timely and reliable 
information for operational decisions, and performance management models (PMM). Professors Ken Euske 
and Joseph San Miguel continue to be involved in DoN’s ERP efforts. Professor Mary Malina is 
investigating how organizations choose performance measurement models and whether the performance 
measurement models exhibit internal causality. She is also involved in a field study to build a causal 
performance model (CPM), which is the conceptual foundation of a performance management model 
(PMM). 
 Recent events of high profile security breach have heightened interest in the financial matter of those 
entrusted with sensitive information. Since 1998, Professor San Miguel has provided financial expertise to 
the National Security Agency, U.S. Customs, and the Central Intelligence Agency on the design and 
evaluation of employee financial disclosures for identifying unexplained affluence and financial stress. His 
current project applied financial analysis techniques to live data obtained from federal employees in 
positions of national security in attempt to highlight abnormality. Professor Carmelita Troy is conducting 
research on managerial and strategic factors contributing to accounting fraud. 
 The research area of cost analysis and return on investment covers weapon systems and software cost 
estimation, resource requirement analysis, the cost of new technologies, and cost analysis of major system 
modifications. Presently, Professor Bill Gates is active in this area. Professor Juliette Webb is also 
conducting research to determine if investments in information technology have direct or marginal effects 
on supply chain management performance. 
 
Manpower Systems Analysis. The focus of research in the Manpower Systems Analysis (MSA) group is on 
human resources. Defense manpower policy makers have been faced with many challenges since the end of 
the Cold War. Key among these challenges were a reduction of the active-duty force by over 30 percent, 
budget reductions in recruiting and advertising, a steady operational tempo and deployment schedule with 
fewer people, new missions, declining levels of public and congressional support for the military, 
increasing pressure to change the “culture” of military service, renewed efforts toward population 
representation of women and racial/ethnic minorities throughout the force, a seemingly immovable, high 
rate of first-term attrition among new recruits, declining levels of personnel retention in certain critical 
areas, a number of high-profile “scandals,” and others. As the active-duty force was reduced and missions 
changed, it soon became clear that a smaller military had to be even more skilled and adaptable than the 
one that witnessed the end of compulsory service and performed so successfully throughout the early 1980s 
and early 1990s. These challenges confronting defense manpower policy makers are recognized by the 
MSA group as opportunities for research that will have a lasting impact on the future of the force. MSA 
research areas can be summarized as follows: 
 
• requirements and recruiting 
• LCS manning study 
• research into ship officer staffing guide analysis of recruiting station location analysis of recruiter 
productivity recruiter intelligent-agent modeling analysis of no-prior-service reservists 
• attrition 
• CNRC’s recruit quality matrix (screen) analysis of DEP attrition success of GED recruits 
• reduction of first-term enlisted attrition rates 
• officer career paths 
• analysis of performance of the officer lateral transfer and redesignation process 
• selection and classification of enlisted personnel 




• comparison of officer promotion systems 
• commissioning source and officer promotion and performance 
• distribution and force shaping 
• agents and web-based markets for detailing personnel 
• force structure and cost analysis  
• force management and planning, including reserve components 
• separation pay options 
• effectiveness of equal opportunity and diversity management programs 
• civil-military relations and the all-volunteer force 
 
 Professors Mark Eitelberg, Armando Estrada, Bill Gates, Janice Laurence, Stephen Mehay, Elda Pema, 
Senior Lecturer Alice Crawford, and CDR Bill Hatch are involved in this area. 
 
Organization, Systems and Management. Faculty in this functional area pursue basic and applied research 
on key management issues at a variety of organizational levels. Individual faculty members are 
acknowledged experts who publish leading-edge research on a variety of issues. Top management issues 
include strategic planning, change management, stakeholder analysis, organizational design and the 
development of culture. Human resource management issues include the design of strategic reward 
systems, managing gender and diversity issues, managing stress, forming career identities, and alternative 
strategies to training and education (including distance learning). There is a strong expertise in leadership 
issues, change management, intrinsic motivation, motivational strategies, empowerment, coaching, 
communications strategies, conflict management, and constructive uses of power. 
 Organization, systems and management research areas during 2003 included the following: 
 
• analyzing development and adoption processes for radio frequency identification tags within the 
Department of Defense (DoD) environment, 
• analyzing how information technology can improve communication, coordination and 
collaboration among organizations during complex emergencies and peace operations, 
• using longitudinal research and organizational development to design and test a theory of positive 
organizational change over time in an organizational setting, 
• examining attitudes toward the war in Iraq to understand how affect and memory may be impacted 
during times of crisis, 
• modeling and simulating collocation and interpersonal trust in military integrated product and 
acquisitions teams when they are collocated compared to when they are distributed, 
• designing flexible, collaborative networks for interagency coordination in homeland security, 
• using appreciative inquiry and transformational-organizational design to foster positive 
organizational change. 
• Professors Frank Barrett, Nick Dew, Susan Hocevar, Nancy Roberts, Leslie Sekerka, Gail Fann 
Thomas, and Roxanne Zolin 
 
 



















RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs include both research and educational activities funded from an external source. A profile of the 
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NAVAL SUPPLY INFORMATION TECHNOLOGY (NAVSUP IT) APPRECIATIVE  
Frank J. Barrett, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Supply Systems Command 
 
OBJECTIVE: To conduct a positive change effort using AI in support of a determination on whether the 
emergence of a large-group Naval Supply Information Technology Summit will occur and to provide 
continued resources to assist in that determination. 
 




Frank J. Barrett, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Network Warfare Command 
 
OBJECTIVE: To support current and future research initiatives surrounding the appreciative inquiry 
process. This includes executive steering committees, summits, and all associated preparation and 
reflection. 
 
KEYWORDS: Appreciative Inquiry 
 
 
DEVELOPMENT AND ADOPTION OF RADIO FREQUENCY IDENTIFICATION (RFID) 
TECHNOLOGY IN THE DEPARTMENT OF DEFENSE  
Nicholas Dew, Assistant Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE:  To investigate the development and adoption processes for radio-frequency identification 
within the Department of Defense (DoD) environment. 
 
 
CHIEF OF NAVAL OPERATIONS (CNO) PRODUCTIVITY METRICS REVIEW 
Kenneth H. Doerr, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Supply Systems Command 
 
SUMMARY: Provided support for Bernie Ulozas to attend the Chief of Naval Operations Productivity 
Metrics Review under the Enterprise Integration/Total Ownership Cost (EI/TOC) for the Chief of Naval 
Operations (OPNAV N40). 
 
KEYWORDS: Productivity Metrics Review, EI/TOC 
 
 
ADMIRAL STANLEY ARTHUR CHAIR OF LOGISTICS AT THE NAVAL POSTGRADUATE 
SCHOOL 
Donald R. Eaton, Senior Lecturer 
Graduate School of Business and Public Policy 
Sponsor: Naval Air Systems Command  
 
 




JOINT TASK FORCE REQUIREMENTS DETERMINATIONS 
Armando X. Estrada, Research Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: U.S. Joint Forces Command 
 
OBJECTIVE: To assess and evaluate task force establishment/operation. 
 
KEYWORDS: Arthur Stanley Chair 
 
 
INTERAGENCY COORDINATION FOR HOMELAND SECURITY: BUILDING FLEXIBLE, 
COLLABORATIVE NETWORKS 
Gail Fann-Thomas, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: The threat to the United States' national security has become increasingly diverse and 
complex over the past years. In response to these threats and the attacks of September 11, President Bush 
signed the Homeland Security Act of 2002 into law. The new act, in conjunction with the newly established 
Homeland Security Department, focuses on the prevention of, protecting against and response to acts of 
terrorism on U.S. soil. In service to this mission, the act reorganizes numerous government agencies, all of 
which will need to coordinate their efforts if they are to successfully meet the emergent threats posed by 
terrorism. 
 Recent GAO studies stress the criticality of coordinating the efforts of federal, state, local and private 
sectors, yet studies show that current efforts must be improved significantly if the U.S. is to successfully 
win the war on terrorism. Documented barriers to interorganizational coordination include: 
  
• Missions that are at odds with one another, 
• Unclear roles and responsibilities, 
• Agencies' desire to protect their jurisdiction and control their resources, 
• Incompatible procedures, processes, data and information systems, 
• Disparate organizational cultures, 
• Lack of accountability, 
• Mistrust and skepticism, and 
• Lack of knowledge of others' capabilities. 
 
 The goal of this project was to provide a relevant, conceptual framework about interorganizational 
coordination that will assist local, state and federal officials in their tasks of managing homeland security. 
Field-based research will allow customization of the theoretical model for home security as well as develop 
relevant training materials. Recommendations for enhancing existing coordination capabilities were 
provided. 
 
KEYWORDS: Networks, Homeland Security, Interorganizational Cooperation  
 
 
ANALYSIS OF SEPARATION PAY OPTIONS 
William Gates, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Chief of Naval Operations (N1H) 
 
SUMMARY: Analyzed the costs and benefits of various options for voluntarily separating members from 
the Navy. Drawing on recent market design research, alternative force shaping policies were tested and 
recommendations were made regarding a mechanism that could increase force-shaping flexibility. 
 
KEYWORDS: Separation Pay 




EFFICIENCY OF ALTERNATIVE ASSIGNMENT AUCTION FORMATS 
William Gates, Associate Professor 
Peter Coughlan, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Navy Personnel Research, Studies, and Technology 
 
 
LITTORAL COMBAT SHIP (LCS) AIR DETACHMENT MANNING 
William Gates, Associate Professor 
William D. Hatch, II, Lecturer 
Graduate School of Business and Public Policy 
Sponsor: Naval Air Warfare Center - Aircraft Division 
 
 
LITTORAL COMBAT SHIP (LCS) AIR DETACHMENT MANNING 
William Gates, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Air Systems Center  
 
OBJECTIVE: To develop a preliminary table of manpower requirements for the air element of the littoral 
combat ship (LCS). 
 
KEYWORDS: Manpower Requirements, LCS 
 
 
VERY HIGH DENSITY STORAGE SYSTEMS 
Kevin R. Gue, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Office of Naval Research  
 
OBJECTIVE: To investigate the design and performance of very high-density storage systems with 
applications to sea based warehouses in support of sea based logistics.  
 
KEYWORDS: Logistics, Distribution, Warehousing, Sea Based Logistics 
 
 
ANALYSIS OF FLIGHT HOUR PROGRAM MANAGEMENT, BUDGET EXECUTION, COST-
AVOIDANCE AND FINANCIAL MANAGEMENT INITIATIVES IN COMMANDER, NAVAL 
AIR FORCE, U.S. PACIFIC FLEET (COMNAVAIRPAC)  
Lawrence R. Jones, Professor  
Graduate School of Business and Public Policy 
Sponsor: Commander, Naval Air Force, U.S. Pacific Fleet 
 
OBJECTIVE: To provide analytical assistance to the Office of the Comptroller, AIRPAC, in the 
comptroller function and in analysis of budget execution and other initiatives for improving command 
management and management control, achieving cost-reduction and avoidance in the Flight Hour Program 
(FHP) and accommodating budget reduction in the period fiscal year 2002, 2003 and beyond. In addition, 
the project includes analysis of improvement in management systems and systems support to provide better 
data to enable management of the command in conformance with sound business management principles 
and practices. 
 
KEYWORDS: Flight Hours, COMNAVAIRPAC 
 
 




WAGNER CHAIR IN PUBLIC MANAGEMENT 
Lawrence R. Jones, Professor  
Graduate School of Business and Public Policy 
Sponsor: Space and Naval Warfare Systems Command 
 
 
INCORPORATION OF PRODUCT LINE DESIGN, PRODUCTION, AND MARKETING IN 
SUPPLY CHAIN OPERATIONS 
Ursula G. Kraus, Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Investigated incorporating product line design, production, and marketing in supply chain 
operations. 
 
KEYWORDS: Wagner Chair, Product Line, Supply Chain 
 
 
CORPORATE SOCIAL RESPONSIBILITY 
Mary Malina, Assistant Professor  
Graduate School of Business and Public Policy 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To complete two projects on corporate social responsibility. The first project investigates 
whether there are economic gains associated with formally recognizing diversity. The second project 
investigates whether corporate social performance affects initial public offering stock pricing and long-term 
survival. 
 
KEYWORDS: Corporations, Social Responsibility 
 
 
SAFE SCHOOLS PROJECT PHASE I 
Mary Malina, Assistant Professor  
Graduate School of Business and Public Policy 
Sponsor: Salinas Union High School 
 
OBJECTIVE: To create a long-term partnership between the School of Business and Public Policy and the 
Safe Schools Program in Salinas, California, by conducting several studies on truancy, dropout rates and 
school-district cost effectiveness. 
 
KEYWORDS: Safe Schools, Salinas, Truancy, Dropout 
 
 
AN ANALYSIS OF SYSTEMS USED TO BUDGET FOR HOMELAND SECURITY WITH 
RESPECT TO THE HISTORY OF DEFENSE BUDGETING 
Jerry L. McCaffery, Professor 
Graduate School of Business and Public Policy 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To evaluate the budget process for homeland security by drawing upon the history of the 
Defense Budget Process. The Defense Budget Process has undergone constant change since its creation in 
1948, but its planning-programming-budgeting (PPB) system provides a credible process to assess risk and 
provide program structures to meet that risk both in the near and far terms. Homeland security poses both 
near and far term risks of both small and great magnitude. It is reasonable to suppose that a budget system 
that works well for the Department of Defense could provide some lessons for homeland security.  
 




SUMMARY: Examined lessons learned from Defense for homeland security in the budget process and 
then suggested a modified planning-programming-budgeting process for homeland security in order that it 
meets the challenges facing it. 
 
KEYWORDS: Homeland Security, Defense Budgeting, PPB 
 
 
BOORDA CHAIR AND SUPPORT TO MANPOWER SYSTEMS ANALYSIS (MSA) 
CURRICULUM 
Stephen L. Mehay, Professor 
Graduate School of Business and Public Policy 
Sponsor: Navy Personnel Supply Command (N131Y) 
 
 
COMPOSITE SCORE PREDICTORS OF NAVY FIRST-TERM RECRUITS 
Stephen L. Mehay, Professor  
Graduate School of Business and Public Policy 
Sponsor: Navy Recruiting Command 
 
SUMMARY: Analyzed first term attrition behavior of Navy recruits to develop a composite score 
predictor of performance. 
 
KEYWORDS: Boorda Chair, MSA, Navy Recruits 
 
 
CENTER FOR EDGE POWER 
Mark E. Nissen, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Office of the Assistant Secretary of Defense (NIL) 
 
OBJECTIVE: The Naval Postgraduate School (NPS) proposes to initiate and manage a new center on 
behalf of the sponsor to conduct research pertaining to Edge organizations in the context of network centric 
warfare. The research will be performed by faculty and students at the Naval Postgraduate School and other 
top-tier research institutions, and it will be integrated into a coherent research stream. This project involves 
research beginning in fiscal year 2004, but planned principally for fiscal year 2005. 
 
SUMMARY: Research. This represents the focal task of the center. Five interrelated research projects are 
planned. 
 Project A - Hypothesis Testing of Edge Organizations. This project seeks to employ existing tools 
and methods of computational organization theory to test hypotheses pertaining to Edge organizations. Two 
existing conceptual models (i.e., developed independently by Networks and Information Integration/ Office 
of Force Transformation [NII/OFT] and NATO) will be evaluated and critiqued. These models will in turn 
be used as a point of departure for conceptualization and operationalization of computational models. 
Performance metrics will be developed and used to computationally test Edge organization hypotheses. 
New knowledge about the contexts in which Edge organizations are suited (relatively better and worse than 
other organizational forms) is expected. 
 Project B - Near-Optimizing Knowledge and Power Flows. This project seeks to understand how flows 
of knowledge can enable and enhance flows of power to the edges of organizations. Theory-driven models 
of knowledge and power flows will be used to complement models of workflows and information flows in 
both Edge and hierarchical military organizations. A demonstration experiment will be used to illustrate 
how different organizational configurations and knowledge dynamics affect power and performance in 
Edge and other kinds of organizations. New knowledge about how to facilitate, enhance and measure 
knowledge flows and organizational power is expected. 
 Project C - VDT Infrastructure Enhancement. This project seeks to develop a new version of the 
Virtual Design Team (VDT) platform, which will be optimized for computational modeling of Edge 
organizations. This extended version of VDT will provide enhanced support for modeling flows of 




knowledge within distributed organizations and modeling trust relationships between actors, including 
those who come from differing organizational and/or cultural backgrounds. A demonstration session will 
be used to illustrate the new VDT capabilities. 
 Project D - Exploring and Exploiting Intercultural Knowledge Flows and Organizational Forms. This 
project seeks to understand how cultural differences affect Edge and other organizational forms where 
knowledge flows are important. Organizational studies literature will be used to examine how various 
organizational forms accommodate and exacerbate cultural differences (e.g., across military services and 
coalition partners) and draw from emerging knowledge-flow theory to examine intercultural, inter-
organizational knowledge work as a balance between exploration (i.e., knowledge flows associated with 
organizational learning) and exploitation (i.e., workflows associated with organizational doing). A 
demonstration experiment will be used to illustrate how different organizational cultures and knowledge 
dynamics affect power and performance in Edge and other kinds of organizations. New knowledge about 
how to facilitate, enhance and measure knowledge flows across cultural barriers is expected. 
 
KEYWORDS: Edge Power, Network-Centric Warfare 
 
 
KNOWLEDGE-FLOW THEORY FOR VERY-LARGE ENTERPRISES 
Mark E. Nissen, Associate Professor 
Graduate School of Business and Public Policy 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To develop scientific knowledge and understanding (i.e., theory) pertaining to the 
phenomenon of knowledge flow. In the context of knowledge-centric warfare, good theory that can 
describe a variety of knowledge systems and processes explains why certain practices and systems are 
successful while others are not, and predicts which organizational and technological interventions offer the 
greatest likelihood of performance improvement. This information should be very useful to Navy 
leadership and may help advance science and understanding pertaining to knowledge and its flow through 
the very-large enterprise. This objective leads to three principal research questions:  
 
• What theoretical model can describe, explain and predict knowledge flow? 
• How can knowledge-flow theory be applied to inform the design of systems and processes in very-
large enterprises? 
• What impact on enterprise performance can knowledge-flow systems and processes effect? 
 
KEYWORDS: Knowledge-Flow Theory, Large Enterprises 
 
 
PAY AND PROMOTION RATE DIFFERENCES FOR NAVAL OFFICERS AND CIVILIAN 
DEPARTMENT OF DEFENSE EMPLOYEES 
Elda Pema, Assistant Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE:  To investigate and explore pay and promotion-rate differentials for Navy officers and 
civilian Department of Defense (DoD) employees. 
 
 
FINANCIAL REPORTING AND ANALYSIS RESEARCH FOR THE DEPARTMENT OF 
DEFENSE PERSONNEL SECURITY RESEARCH CENTER 
Joseph G. San Miguel, Professor 
Graduate School of Business and Public Policy 
Sponsor: Defense Personnel Security Research Center 
 
OBJECTIVE: To provide financial reporting and analysis expertise to national security research projects 
of the Personnel Security Research Center of the Department of Defense, especially the automated financial 




disclosure analysis system for federal employee's financial disclosures. Various financial measures, such as 
personal net worth and net income, can be used as determinants of potential security risk. In addition, there 
are financial implications of security policies and programs of various federal agencies involving personnel 
security. 
 
KEYWORDS: Navy Pay, Promotion, Officer, Civilian DoD  
 
 
ETHICS IN ACTION: PREPARING NAVY SUPPLY CORPS OFFICERS FOR EXERCISING 
MORAL COURAGE ASSESSMENT AND BEST PRACTICES STUDY PHASE I-III 
Leslie E. Sekerka, Assistant Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Supply Systems Command 
 
OBJECTIVE: To determine the current status of Supply Corps and military ethics training and to identify 
“best practices” in industry, which will serve as the basis for establishing informed recommendations to 
create future Supply Corps training. 
 
KEYWORDS: Ethics, Navy Supply Corps 
 
 
A LONGITUDINAL RESEARCH AND ORGANIZATIONAL DEVELOPMENT PROGRAM: 
TOWARDS THEORY OF POSITIVE ORGANIZATIONAL CHANGE 
Leslie E. Sekerka, Assistant Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To investigate short and long term impacts of change in the workplace at the individual and 
organizational level of analysis. 
 
KEYWORDS: Organizations, Change 
 
 
CHAIR OF ACQUISITION MANAGEMENT AND ACQUISITION RESEARCH 
Keith F. Snider, Associate Professor  
Graduate School of Business and Public Policy 
Sponsor: Deputy Assistant Secretary of the Navy  
 
SUMMARY: The Acquisition Chair was responsible for, among other things, managing acquisition 
research for the Deputy Assistant Secretary of the Navy (Acquisition) and the Naval Postgraduate School 
(NPS), including brokering research opportunities for NPS faculty, stimulating and supervising research 
projects by selected graduate students, traveling as necessary to support research objectives, and providing 
quarterly reports regarding research progress.  
 
KEYWORDS: Acquisition Chair 
 
 
UNDERSTANDING ACCOUNTING FRAUD USING BEHAVIORAL AGENCY THEORY AND 
ACQUISITIONS - PRECURSOR TO ACCOUNTING FRAUD 
Carmelita J. Troy, Assistant Professor 
Graduate School of Business and Public Policy  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To apply behavioral-agency theory to problems in understanding and identifying fraudulent 
accounting practices. 
 




PERFORMANCE EFFECTS OF CHOICES TO INVEST IN SUPPLY CHAIN MANAGEMENT 
PRACTICES AND INFORMATION TECHNOLOGY 
Juliette A. Webb, Assistant Professor 
Graduate School of Business and Public Policy  
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To examine how management choices to invest in information technology and supply chain 
management practices affect performance. 
 
KEYWORDS: Accounting, Fraud, Supply Cahin 
 
 
SMALL BUSINESS INNOVATION RESEARCH’S (SBIR) LESSONS LEARNED IN 
ENTERPRISE DEVELOPMENT AND TECHNOLOGY TRANSFER 
Roxanne V. Zolin, Assistant Professor 
Graduate School of Business and Public Policy 
Sponsor: Naval Air Warfare Center - Aircraft Division 
 
OBJECTIVE: To identify indicators of success in the Small Business Innovation Research (SBIR) 
program from the perspective of both SBIR and the enterprises involved in the program. 
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The Institute for Information Superiority and Innovation was established to be the center for innovative 
research and education in enabling information technologies, operations, and strategies, with focus on their 
development and application for national security. The Institute provides a venue for interdisciplinary 
research in a wide variety of areas related to the capture, processing, display and storage of information in a 
warfighting environment. Research and educational activities within the Institute are intended to support 






The Institute for Information Superiority and Innovation does not manage its own curriculum. Instead, 
students from any curriculum at the Naval Postgraduate School can participate in the Institute's wide range 





 Signals Intelligence 
 Electronic Communications Systems 
 Electronic Warfare 
 Information Warfare 
 Information Operations 
 Computer and Network Security 
 Threat and Risk Analysis and Countermeasures 
 System Certification and Accreditation 
 Motivations and Operations of Information Threats 
 






Cryptologic Research Center (CRC) 
Center for Information Security (INFOSEC) Studies and Research (CISR) 
Center for the Study of Terrorism and Irregular Warfare 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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BATTLESPACE COMMUNICATIONS CENTERS 
Peter J. Denning, Professor  
Cebrowski Institute for Information Innovation and Superiority 
Sponsor: Naval Postgraduate School 
 
 
EDUCATIONAL OPPORTUNITIES TO SUPPORT TRANSFORMATION 
Susan Higgins, Lecturer 
Cebrowski Institute for Information Innovation and Superiority  
Sponsor: Office of Force Transformation  
 
SUMMARY: The Office of Force Transformation (OFT) is supporting education for transformation at the 
Naval Postgraduate School (NPS) to gain insights into the current transformation in the Department of 
Defense (DoD), to foster greater awareness and understanding of the defense transformation among NPS 
faculty, and to promote the diffusion of that knowledge to NPS students with the goal of influencing a new 
generation of DoD leaders. OFT wishes to promote collaboration across educational institutions on 
transformation-related topics through the sponsorship of shared research, symposia, conferences, and 
workshops in which various facets of the transformation can be explored in-depth. Additionally, OFT 
wishes to support faculty research leading to published papers, in order to share their enriched 
understanding with a broad audience of current and upcoming DoD leaders. 
   This project focused on tasks directed toward unburdened rates of subject matter experts within the 
faculty dispersed across the schools at NPS. Specific tasks included: 
 
Transformation Chair. NPS supported the goals of the Transformation Chair through establishment of a 
Network Centric Warfare (NCW) Research Chair. This Chair network of multidisciplinary NPS research 
with a conduit via which faculty and students can share and coordinate work related to defense 
transformation and network centric warfare/operations. The intent for fiscal year 2004 was to fill this 
function with an incumbent faculty member and to hire a new faculty member in fiscal year 2005. Specific 
tasks include: 
 
• Integrate transformation and NCW research proposals between NPS faculty and students, and 
coordinate related activities between various facets of NPS and OFT. 
• Solicit and advise student theses related to defense transformation and network centric 
warfare/operations. 
• Host informal networking activities for faculty and students such as lunchtime “brown-bags” to 
highlight individual research efforts in order to develop a “community” at NPS focused on defense 
transformation. 
• Coordinate broader transformation community efforts with the multi-disciplinary work that falls 
within the three NPS research institutes: MOVES Institute (Modeling, Virtual Environments and 
Simulation); Meyer Institute of Systems Engineering; Cebrowski Institute for Information 
Innovation and Superiority. 
• Host formal networking activities. Invite, sponsor and host visitors to NPS to collaborate with 
students and faculty on the topics of defense transformation and network centric 
warfare/operations. 
• Write articles about transformation research being conducted at NPS for NPS publications (with 
broad external distribution networks.) 
• Serve as part of a collaborative network of Information Age Warfare Chairs at each institution. 
• Attend quarterly meetings co-hosted by OFT. 
• Participate in the development of OFT sponsored case studies. 
• Participate in conferences and workshops relating to NCW and defense transformation. 
• Develop position description and solicit candidates for OFT Chair at NPS. 
 
Transformation Courses. Design, develop, and implement transformation courses for NPS. This will 
include short courses and graduate-level accredited courses. The prototype graduate level course will be 




delivered as an elective and designed such that “spin-off” resident and online short courses, as well as an 
online NPS graduate education course, can be easily developed. 
 
Graduate-level Accredited Transformation Course.  
• Perform literature review of current and past military transformations in the U.S. and other 
nations, disruptive technologies, innovation in warfare. Include review of other nations' views of 
current U.S. military transformation (including evolving theory of network centric warfare.). 
• Review existing and “under-development” transformation courses at other DoD and coalition 
partner educational institutions. Develop and strengthen a network of relationships with sponsors, 
developers, and teachers of those courses. Form a core foundation of transformation and network 
centric theory, share transformation course materials, and foster a transformation and network 
centric theory “commons” that can be accessed by educational institutions serving various facets 
of the career-long learning continua for new generations of leaders. 
 
 
JOTARS: JOINT ONLINE THESIS AND RESEARCH SYSTEM 
Joanne B. Kim, Cryptologic Innovation Chair  
Cebrowski Institute for Information Innovation and Superiority 
Sponsor: National Security Agency 
 
SUMMARY: Established a baseline website on a secure compartmentalized information (SCI) network 
and attracted other sponsors to this multi-phased interdisciplinary research initiative. Research and 
development is incremental, leading to an SCI knowledge portal for the defense and intelligence 
communities. Once at a level of a knowledge portal, the development will be evolutionary. This postures 
the Naval Postgraduate School with opportunities for research into the communal aspects of knowledge 
sharing, where value is created from the web. This is different from the “connective” aspect of knowledge 
management, which simply supplies a communications mechanism. 
 
 
JOTARS: JOINT ONLINE THESIS AND RESEARCH SYSTEM 
Joanne B. Kim, Cryptologic Innovation Chair 
Cebrowski Institute for Information Innovation and Superiority 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: Established a baseline website on a secure compartmentalized information (SCI) network 
and attracted other sponsors to this multi-phased interdisciplinary research initiative. Research and 
development is incremental, leading to an SCI knowledge portal for the defense and intelligence 
communities. Once at a level of a knowledge portal, the development will be evolutionary. This postures 
the Naval Postgraduate School with opportunities for research into the communal aspects of knowledge 
sharing, where value is created from the web. This is different from the “connective” aspect of knowledge 
management, which simply supplies a communications mechanism. Presenting classified (SCI) research 
and thesis reports in a cyber domain has never been done before. 
 
  
JOTARS: JOINT ONLINE THESIS AND RESEARCH SYSTEM 
Joanne B. Kim, Cryptologic Innovation Chair 
Cebrowski Institute for Information Innovation and Superiority 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: The Naval Postgraduate School (NPS) Research Office and the Dudley Knox Library have 
started action to implement the suggestions and recommendations in the Joint Online Thesis and Research 
System (JOTARS) Phase 1 Report. Because of the many unforeseen difficulties in getting the “last mile” 
for the JOTARS web presence on JWICS, researchers reassessed the basic assumptions and concluded that 
the “last mile” itself must be under the research umbrella. There are too many unknowns in technology, 
processes, procedures and evolving customer expectations for this to be handled under an operational 
element in Code 05 or security. 




SEMINAR AND RESEARCH INTO COMPLEX FUTURE SCENARIOS FOR 
TRANSFORMATIONAL STRATEGIC THINKING AND DECISION MAKING 
Joanne B. Kim, Cryptologic Innovation Chair 
Cebrowski Institute for Information Innovation and Superiority 
Sponsor: National Imagery and Mapping Agency 
 
SUMMARY: Conducted a National Imagery and Mapping Agency (NIMA)/Naval Postgraduate School 
(NPS) future world/situational environment(s), challenges and solution strategies workshop; conducted a 




SYSTEMS STRATEGY PLANNING - TRAINING AND READINESS 
Kathleen J. Robertson, Senior Lecturer 
Cebrowski Institute for Information Innovation and Superiority 
Sponsor: Naval Air Warfare Center - Aircraft Division 
 
OBJECTIVE: To provide support to determine the major capstone operational requirements/challenges 
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All faculty affiliated with the Cebrowski Institute have home departments. See the research summaries for 




























Wayne E. Meyer Institute of Systems Engineering (MISE)
 478 
 






The Wayne E. Meyer Institute of Systems Engineering was first established as the Institute of Defense 
Systems Engineering and Analysis in 2001. In May 2002, the Institute was renamed the “Wayne E. Meyer 
Institute of Systems Engineering” after RADM Wayne E. Meyer, USN (Ret.) who was the founding 
Program Manager of the Aegis combat system, the first large Navy acquisition program in which a total 
systems approach was used in the system development and design. 
   The mission of the Institute is to provide an interdisciplinary education and research center, matrixed 
across the four academic schools at the Naval Postgraduate School. Faculty and students are drawn from 
various schools and departments to form interdisciplinary research teams, and courses from various 
departments are combined to offer interdisciplinary curricula in systems engineering. 
   Research projects recently completed or currently being conducted in the Meyer Institute include analysis 
support for Fleet Battle Experiment-Juliet, systems engineering support for the Joint Fires Network (JFN), 
analysis of the Joint Force Maritime Component Commander’s Maritime Planning Process, and 





 Total Ship Systems Engineering (TSSE) 
 Systems Engineering and Analysis (SEA) 
 Master of Science in Systems Engineering (MSSE) 
 Product Development for the 21st Century-Systems Engineering Management (PD-SEM) 





 Mine Warfare 
 Anti-Terrorism/Force Protection 
 Data Collection and Analysis for Fleet Battle Experiments 
 Joint Warfare 
 Concept and Process Modeling 
 Evolutionary Computing 
 Unconventional Weapons of Mass Destruction 
 Sparse Optical Array Radar 





 Expeditionary Warfare 
 Undersea Warfare 
 Mine Warfare 
 Northrop Grumman Systems Engineering 





 Integrated Student Design Labs 
 













RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. A profile of the 
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SIXTH MONTEREY INTERNATIONAL SYMPOSIUM ON TECHNOLOGY AND THE MINE 
PROBLEM 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Office of Naval Research  
 
SUMMARY: The Naval Postgraduate School (NPS) hosted the International Symposium Series, 
Technology and the Mine Problem. There have been five symposia in this series to date: April 1995, 
November 1996, April 1998, March 2000 and April 2002. These symposia covered the five pillars of the 
“mine problem”: mine technology, naval mine warfare, land mine warfare, humanitarian and peacekeeping 
demining (including unexploded ordnance) and emerging technology. These symposia were nationally and 
internationally acclaimed and well recognized by the policy and executive levels in the Department of 
Defense (DoD) and in various military departments. Each symposium was attended by 350-450 individuals 
drawn from the DoD operating forces, industry, academia, the international community, and by senior 
DoD, Navy, Army, and Marine Corps officials. 
 
 
SATELLITE ALTIMETRY DATA ANALYSIS FOR UNDERSEA WARFARE 
Peter C. Chu, Professor 
Department of Oceanography and Meyer Institute of Systems Engineering 
Sponsor: Space and Naval Warfare Systems Command 
 
SUMMARY: This research was a continuation of the long-term effort of the Principal Investigator and his 
students (Naval officers) on the effort to evaluate the value-added of the altimetry data to undersea warfare. 
The Mark-48 table group was used as the criterion to verify the sound velocity profiles (SVP) from the 
modular ocean data assimilation system (MODAS) and from the Generalized Digital Environmental Model 
(GDEM) dataset (climatology). If SVP from MODAS is closer to the Mark-48 table group than SVP from 
GDEM, the MODAS product is superior to climatology.  
 
 
AIR FORCE INSTITUTE OF TECHNOLOGY (AFIT) CASE STUDIES 
Phil E. DePoy, Visiting Professor  
Meyer Institute of Systems Engineering 
Sponsor: Naval Postgraduate School 
 
 
CHAIR OF INNOVATION 
Phil E. DePoy, Visiting Professor  
Meyer Institute of Systems Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To provide for the sponsorship, funding and administration of the Office of Naval Research 
(ONR) Distinguished Visiting Professor of Innovation at the Naval Postgraduate School (NPS), including 
designing a new innovation executive program, and establishing a repository of best practices and a 
collaboration laboratory at NPS. 
 
 
CHAIR OF NAVAL EXPEDITIONARY WARFARE  
Phil E. DePoy, Visiting Professor  
Meyer Institute of Systems Engineering 
Sponsor: Office of Naval Research 
 
 




CHAIR OF UNDERSEA WARFARE 
Phil E. DePoy, Visiting Professor  
Meyer Institute of Systems Engineering 
Sponsor: Naval Undersea Warfare Center - Newport Division 
 
 
MARITIME PLANNING PROCESS (MPP) MODEL AND SIMULATION EXPERIMENTATION 
Shelley P. Gallup, Research Associate Professor 
Department of Information Sciences 
Sponsor: Navy Warfare Development Command  
 
SUMMARY: Continued analysis of maritime planning process (MPP) data from Fleet Battle Experiment 
Juliet, as input to construction of an extend-based process model. This model was used to simulate the 
performance of the MPP under different conditions, and provided analysis results to the Navy Warfare 
Development Command (NWDC). NWDC will use these results as input in determining courses of action 
for future MPP experimentation and wargames.  
 
 
MARITIME DOMAIN AWARENESS RESEARCH 
Thomas V. Huynh, Associate Professor 
Department of Systems Engineering 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Systems engineering design and integration effort: described the current state of the national 
maritime domain protection system through current literature research, by collecting information from 
major stakeholders and by participating in relevant conferences and symposia. 
 
 
FORCENET INTEGRATED PRODUCT DEMONSTRATION (IPD) 03 FIRES ANALYSIS 
Nelson Irvine, Research Assistant Professor 
Department of Information Sciences 
Sponsor: Naval Network Warfare Command 
 
SUMMARY: Developed a plan for data collection and analysis in support of the Fires Initiative in the 
FORCEnet 03 Integrated Product Demonstration/Expeditionary Strike Group Limited Objective 
Experiment (IPD/ESG LOE). Meyer Institute researchers, operating as observers, collected contextual fires 




JOINT INTELLIGENCE INTEROPERABILITY BOARD (JIIB) SYSTEMS BASELINE 
ASSESSMENT (JSBA 04) 
William G. Kemple, Associate Professor 
Department of Information Sciences 
Sponsor: U.S. Joint Forces Command 
 
SUMMARY: Assessed Joint Intelligence Interoperability Board (JIIB) Systems Baseline Assessment 
(JSBA)-related study requirements and methodologies; organized and maintained JSBA analytical models 
and tools, and the associated data; executed model run activities, and analyzed results. The Principal 
Investigator conducted analytical support, including scenario development and verification, execution of 
model runs, and direct analyses for a variety of intelligence, surveillance, and reconnaissance assessments 
as part of JSBA04. Consolidated all analytical products from JSBA into a single final report. 
 
 




MARITIME DOMAIN DEFENSE (CENTER FOR DEFENSE TECHNOLOGY AND EDUCATION 
FOR THE MILITARY SERVICES (CDTEMS)) 
CAPT Jeffrey E. Kline, USN, Military Faculty  
Meyer Institute of Systems Engineering 
Sponsor: Naval Postgraduate School 
 




NAVY WARFARE DEVELOPMENT COMMAND CHAIR FOR WARFARE INNOVATION AT 
THE NAVAL POSTGRADUATE SCHOOL 
CAPT Jeffrey E. Kline, USN, Military Faculty  
Meyer Institute of Systems Engineering 
Sponsor: Navy Warfare Development Command 
 
OBJECTIVE: To establish the Navy Warfare Development Command (NWDC) Chair for Warfare 
Innovation at the Naval Postgraduate School (NPS) to invigorate and conduct research and analysis 
required to develop doctrine, tactics, techniques, procedures and maritime and joint operational concepts. 
 
 
MARITIME DOMAIN AWARENESS SYSTEM DEMONSTRATION 
Herschel H. Loomis, Jr., Professor 
Department of Electrical and Computer Engineering 
Sponsor: Naval Postgraduate School 
 
SUMMARY: Defined the appropriate data sources, developed a tool set for data manipulation and display 
and demonstrated improved maritime domain awareness. 
 
 
APERTURE RESEARCH FOR THE BMD SHIP - PHASE 0 
Michael E. Melich, Research Professor 
Rodney W. Johnson, Visiting Professor 
Meyer Institute of Systems Engineering 
Sponsor: Office of Naval Research 
 
SUMMARY: Presented a summary of the Naval Postgraduate School (NPS) opportunistic array research 
results at the Office of Naval Research (ONR) Aperstructure Kick-Off Meeting in San Diego, California, 9 
September 2004. In response to guidance on the goals and directions of this new ONR project, prepared a 
detailed proposal for research exploiting NPS’ co-evolutionary computational design techniques as applied 
to the BMD ship supplementary radar and defined the system study and component research needed to 
implement these designs.  
 
 
INVESTIGATION OF QUANTIZATION OF WIDEBAND SIGNALS BY NON-UNIFORM 
SAMPLING WITH MULTI SUB-NYQUIST RATE A/D CONVERTERS 
Michael E. Melich, Research Professor 
Rodney W. Johnson, Visiting Professor 
Meyer Institute of Systems Engineering 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To examine and quantify the quality of signal representations created by using multiple 
ADCS whose sampling rates are lower than that required by the Nyquist Sampling Theorem. A second 
phase of this research would build equipment to verify the predications of the mathematics from this 
proposed work. 
 




UNCONVENTIONAL WEAPONS OF MASS DESTRUCTION (UWMD): DETAILED 
INVESTIGATION OF NOVEL NUCLEAR PHYSICS AND ITS IMPLICATIONS. 2003-4 
Michael E. Melich, Research Professor 
Meyer Institute of Systems Engineering 
Robert C. Harney, Associate Professor 
Department of Systems Engineering 
Sponsor: Office of the Secretary of Defense 
 




UNCONVENTIONAL WEAPONS OF MASS DESTRUCTION (UWMD): DETAILED 
INVESTIGATION OF NOVEL NUCLEAR PHYSICS AND ITS IMPLICATIONS. 2003-4. 
Michael E. Melich, Research Professor 
Meyer Institute of Systems Engineering 
Robert C. Harney, Associate Professor 
Department of Systems Engineering 
Sponsor: Defense Advanced Research Projects Agency 
 




NAVY SHIP DESIGN 
Fotis A. Papoulias, Associate Professor 
Department of Mechanical and Astronautical Engineering  
Sponsor: Northrop Grumman 
 
SUMMARY: The Total Ship Systems Engineering (TSSE) program, instituted at the Naval Postgraduate 
School (NPS) in 1991, provides education in systems engineering methods and Navy ship design processes 
to students in the mechanical engineering, electrical engineering and combat systems engineering curricula. 
The students performed a capstone, interdisciplinary team design of a Navy ship. Previous design projects 
have provided innovative and provocative insights into evolving Navy mission needs. In addition, in the 
course of their various course studies, the students performed shorter-term design studies and completed a 
research thesis. By their nature, many of these studies and designs can complement independent research 
and development (IRAD) projects conducted at Northrop Grumman Ship Systems. 
 
 
HUMAN INTELLIGENCE IN THE WAR ON TERRORISM: DEFINING THE PROBLEM 
Anna Simons, Associate Professor 
Department of Defense Analysis  
Sponsor: Office of the Secretary of Defense 
 
SUMMARY: Identified the gaps between the human intelligence needed for the War on Terrorism and 
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Chu, P.C., M.D. Perry, E.L. Gottshall, and D.S. Cwalina, 2004: Satellite data assimilation for improvement 
of Naval undersea capability. Marine Technology Society Journal, 38(1), 11-23.  
 
Chu, P.C., 2004: Multifractal thermal characteristics of the southwestern GIN Sea upper layer. Chaos, 
Solitons and Fractals, 19 (2), 275-284.  
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Chu, P.C., N. Vares, and R. Keenan, Uncertainty in acoustic mine detection due to environmental 
variability, Sixth Monterey International Symposium on Technology and Mine Problems, NPS, Monterey, 
California, pp. 10, in CD-Rom, May 10-14, 2004.  
 
Chu, P.C., A. Evans, T. Gilles, T. Smith, and V. Taber, Development of Navy’s 3D mine impact burial 
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Our mission is research, application and education in the grand challenges of Modeling, Virtual 
Environments and Simulation (MOVES). 
The MOVES Institute operates independently and in collaboration with various U.S. Navy and defense 
modeling and simulation centers to: 
 
 Carry out basic and applied research 
 Analyze continuing Modeling, Virtual Environments and Simulation programs 
 Create advanced prototypes 















 Virtual Environments: 
 Professor Michael Zyda, Military Instructor CDR Russell Shilling, Lecturer Perry McDowell, 
Senior Lecturer John Falby, Associate Professor Rudolph Darken, Professor Peter Chu, Research 
Assistant Professor Michael Capps, and Associate Professor Donald P. Brutzman 
 Modeling Simulation:  
 Research Associate Professor Wolfgang Baer, Research Associate Curtis Blais, Professor Gordon    
Bradley, Distinguished Professor Donald Gaver, Research Professor John Hiles, Professor Patricia    
Jacobs, Associate Professor Thomas Lucas, Associate Professor Neil Rowe, Professor James    
Taylor, and Associate Professor Xiaoping Yun 
 Human Factors:  
Research Assistant Barry Peterson, Professor Robert McGhee, Lecturer Eric Bachmann, Associate 
Professor Rudolph Darken 
 Security:  
 Associate Professor Cynthia Irvine  
 Communications/Networks:  





3D VISUAL SIMULATION 
 
 3D Visual Simulation - Virtual naval gunfire support. Immersive ship walkthroughs - damage 
control virtual environments. Littoral zone warfare. Building and Urban Walkthroughs - urban 
warfare, hostage extraction, operations other than war. Ocean environment tactical visualization. 
C4I/IW information visualization. Game-engine utilization and handheld visual simulation 
delivery systems. Synthetic ocean environment simulations. 
 XML/X3D - Use of Extensible Markup Language (XML) for deploying 3D M&S products over 
Department of Defense (DoD) messaging systems, creating interoperable behavior streams, 
gaining database schema interoperability, and defining ontologies for software agent interactions 
compatible with deployed C4I and combat control systems. 
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NETWORKED VIRTUAL ENVIRONMENTS 
 
 Multicast and Area of Interest Managers - Software architectures for facilitating the 
development of large-scale, media-rich, interactive, networked VEs. 
 High Bandwidth Networks - Experimentation and utilization of next-generation Internet 
technologies for large-scale, networked virtual environments, and collaborative M&S 
development and application. 
 Wireless - Handheld delivery systems. 
 Latency-reduction - Techniques for predictive modeling in distributed simulations.  
 VE Architectures for Interoperability - Network software architectures for scalability, 
composability and dynamic extensibility.  
 Standards for Interoperability – High Level Architecture; Next Generation RTI; Web-based 
interoperability. Standards for streamed interactive 3D as an automatically created component for 
joint message systems. Guiding M&S standards interoperability efforts with the Web3D 




 Agent-based Simulation - Computer-generated characters that accurately portray the actions and 
responses of individual participants in a simulation. Adaptability - computer generated characters 
that can modify their behavior automatically. Learning - computer generated characters that can 
modify their behavior over time. Organizational modeling. 
 Story Line Engines - Content production and simulation prototyping. Technologies for 
autonomous, real-time story direction and interaction.  
 Human Representations and Models - Authentic avatars that look, move, and speak like 
humans. 
 Modeling Human and Organizational Behavior - Integrative architectures for modeling of 
individuals, including neural networks; rule-based systems, attention and multitasking phenomena, 
memory and learning, human decision-making, situation awareness, planning, behavior 
moderators, modeling of behavior of organizational units, modeling of military operations, and 




 Training in the Virtual Environment - Fidelity requirements for wayfinding in the virtual 
environment. Developing virtual environments for training. Evaluating virtual environments for 
their utility in training. 
 Intelligent Tutoring Systems - Developing experts via the use of computer-based virtual 
environments. 
 Human Factors in Virtual Environments - Multimodal interfaces, task analysis, spatial 
orientation and navigation, performance evaluation, interaction techniques, interaction devices, 
virtual ergonomics, cybersickness, usability engineering, training transfer, human perception. 
 
TECHNOLOGIES FOR IMMERSION 
 
 Image Generation - Real-time, computer graphic generation of complex imagery, HDTV, DVD, 
next generation delivery systems, novel display technologies, handheld and body-worn devices.  
 Tracking - Technologies for keeping track of human participants in virtual environments.  
 Locomotion - Technologies that allow participants to walk through virtual environments while 
experiencing hills, bumps, obstructions, etc.  
 Full Sensory Interfaces - Technologies for providing a wide range of sensory stimuli: visual, 
auditory, olfactory, and haptic.  
 Novel Sound Systems – The generation and delivery for both interactive and recorded media. 
Spatial sound. Immersive sound and psychoacoustics. 
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DEFENSE AND ENTERTAINMENT COLLABORATION 
 
 Technology Transition - Adapt technologies and capabilities from the entertainment industry. 
 Game-Based Learning - Distance learning via the use of game technology and development. 
 Internet and Game Delivery Systems - SimNavy, Army Game Project, SimClinic, SimSecurity. 
 
NEXT GENERATION MODELING 
 
 Modeling and Simulation - Dynamic and state space modeling for information warfare and 
information operations. High-resolution combat models. High-level aggregate models. Network 
centric warfare. Agent-based simulation. Physically-based modeling to insure physical realism 
underlies the VR. Theater, tactical and campaign level modeling. Sensor modeling. Architectures 
for future combat modeling systems. 
 Navy Cyberspace - Full end-to-end simulation of the ocean environment including subsurface 
surface, air and space. Oceanographic data sets and models. Tactical databases. Interoperability 
with live ship tracking message systems. Reusable, in the small or in the large, by fleet assets. 
Underwater robots. Interoperability with global command and control systems. 
 Current Programs in Combat Modeling – JSIMS Maritime Battlespace, Naval Simulation 




 Technology transition is part of the MOVES Institute. CRADAs with industry are encouraged as 
well as the licensing of institute generated intellectual property. 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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APPLICATION OF WEB-BASED TECHNOLOGIES TO COMMON MANEUVER NETWORKS 
(CMN) FOR EMBEDDED TRAINING, MISSION PLANNING, AND REHEARSAL 
Curtis L. Blais, Research Associate 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: TRADOC Analysis Command 
 
 
EXTENSIBLE MODELING AND SIMULATION FRAMEWORK (XMSF) 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Defense Modeling and Simulation Office 
 
SUMMARY: Web-based technologies applied within an extensible execution framework will enable a 
new generation of modeling and simulation applications to emerge, develop and interoperate. Support for 
operational tactical systems is a currently missing but nevertheless essential requirement for such 
application frameworks. An Extensible XML-based framework can provide a bridge between forthcoming 
modeling and simulation requirements and open/commercial web standards. A web approach for 
technology, software tools, content production and broad use makes great sense technically, and also 
provides best business cases from an enterprise-wide perspective. The  nascent Extensible Modeling and 
Simulation Framework (XMSF) can become the basis for this fundamentally important framework. A 
series of workshops explored technical opportunities and strategic priorities, inviting broad comment and 
possible consensus on requirements. This work was grounded by demonstrations showing current and 
forthcoming requirements and web technologies supporting exemplar XMSF applications. The Naval 
Postgraduate School (NPS) conducted this research and development in partnership with co-Principal 
Investigators Mark Pullen of George Mason University (GMU) and Katherine Morse of the Science 
Applications International Corporation (SAIC). 
 
 
EXTENSIBLE MODELING AND SIMULATION FRAMEWORK (XMSF) 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Defense Modeling and Simulation Office 
 
OBJECTIVE: The scope of this task involves the processes, which include standards identification, 
maturation and selection, for use by the Department of Defense (DoD) modeling and simulation 
community. Specifically, it requires the identification of candidate standards, liaison and coordination with 
the appropriate standards bodies and experimentation and demonstrations to ensure the suitability of the 
standards products for the DoD. 
 
SUMMARY: The Defense Modeling and Simulation Office (DMSO) is the lead for modeling and 
simulation (M&S) activities within the U.S. Department of Defense (DoD). DMSO is a technology 
transition and support organization charged with maximizing the efficiency and effectiveness of M&S 
efforts across the DoD and fostering interoperability and reuse among the DoD's models and simulations. 
To that end, DMSO initiated a program to examine aspects of modeling and simulation environments that 
contribute to the composability of models and simulations to achieve a specific purpose. This program built 
on successes demonstrated by industry and considered tools and techniques from related disciplines that 
enable building larger environments from smaller components. 
Composability is the capability to select and assemble simulation components in various combinations 
into simulation systems to satisfy specific user requirements. The defining characteristic of composability 
is that different simulation systems can be composed in a variety of ways, each suited to some distinct 
purpose, and the different possible compositions will be usefully valid. Composability is more than just the 
ability to assemble simulations from parts; it is the ability to combine and recombine and configure and 
reconfigure sets of components into different simulation systems to meet different needs. 
Composability is not possible without a mature set of well-defined standards and technologies that 
define the technical architecture and enable technical interoperability among systems. In the past, the DoD 




has chosen to define a unique set of standards to meet their needs. This process was costly and often meant 
that interoperability with commercial systems was not possible. Over the course of the past decade, 
however, spending by the commercial sector on standards development has far outpaced that of the DoD, 
and a robust set of commercial standards and technologies are now available for use. The challenge is to 
identify those standards and technologies and to ensure their applicability and suitability for DoD purposes. 
This task addressed those issues. 
 
 
EXTENSIBLE MODELING AND SIMULATION FRAMEWORK (XMSF): ESTABLISH 
REQUIREMENTS, DEVELOP EXEMPLARS 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Defense Threat Reduction Agency 
 
SUMMARY: Web-based technologies applied within an Extensible Execution Framework will enable a 
new generation of modeling and simulation applications to emerge, develop and interoperate. Support for 
operational tactical systems is a currently missing but nevertheless essential requirement for such 
application frameworks. An Extensible Markup Language (XML)-based framework can provide a bridge 
between forthcoming modeling and simulation requirements and open/commercial web standards. A web 
approach for technology, software tools, content production and broad use makes great sense technically, 
and also provides best business cases from an enterprise-wide perspective. 
 
 
EXTENSIBLE MODELING AND SIMULATION FRAMEWORK (XMSF) VIEWER FOR THE 
DISTRIBUTED CONTINUOUS EXPERIMENTATION ENVIRONMENT (DCEE) 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: U.S. Joint Forces Command 
 
SUMMARY: The Distributive Continuous Experimentation Environment (DCEE), managed by the J9, 
U.S. Joint Forces Command (JFCOM), has established a framework of common terminology for 
information to be exchanged between components using an enhancement of the real-time platform 
reference (RPR) federation object model (FOM). Although the DCEE actually uses the high level 
architecture (HLA) as the technical backbone, the concept is open for extensions to emerging solutions. 
Use of Extensible Markup Language (XML), standardized tag-sets, web services and web technology is 
part of the general concept of DCEE. This research focused on preparing for and conducting a 
demonstration of the benefits of Extensible Modeling and Simulation Framework (XMSF) concepts in the 
DCEE with XMSF DCEE Viewer (XDV) during an experimentation event in July 2003. XDV is a web-
based, low-cost viewer for DCEE-based events. XDV was demonstrated both within the DCEE, and 
between the DCEE and the Virginia Modeling, Analysis and Simulation Center (VMASC) Battle Lab. 
 
 
JOINT SYNTHETIC BATTLESPACE (JSB): WEB SERVICES VIA EXTENSIBLE MODELING 
AND SIMULATION FRAMEWORK (XMSF), CONCEPTUAL MODELING, C4I 
INTEROPERABILITY 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Electronic Systems Center 
 
SUMMARY: The Joint Synthetic Battlespace (JSB) is a common simulation architecture and core services 
capable of supporting future emerging simulation needs ranging from acquisition to research and 
development to training. One of the main characteristics is the seamless integration of live systems, i.e., 
weapon systems, C4I systems, platforms and sensors, starting with single system integration up to range 
integration. The goal of this research was to show how JSB can utilize web services via the Extensible 




Modeling and Simulation Framework (XMSF), how JSB can benefit from emerging methods for 
conceptual modelings, how JSB can best integrate with existing and emerging C4I systems, how JSB can 
take advantage of 2D and 3D web-based visualization technologies, and how Extensible Markup Language 
(XML)-based tactical ontologies enable semantically consistent interchange. 
 
 
MULTI-PLATFORM UNDERSEA WARFARE MODELING AND SIMULATION NET-CENTRIC 
TACTICAL DECISION AID 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Sonalysts, Inc. 
 
 
MULTI-PLATFORM UNDERSEA WARFARE MODELING/SIMULATION USING 
NETCENTRIC TECHNIQUES: SONAR VISUALIZATION SUPPORT 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Sonalysts, Inc. 
 
OBJECTIVE: To develop a networked modeling and simulation tool to support estimating environmental 
and tactical performance parameters. The tool will be accessible using any standard web browser software. 
It will provide any user having access to a secure wide area network (WAN), such as SIPRnet (Secret 
Internet Protocol Network), with faster than real time acoustic modeling and environmental 
characterization. This project will leverage Sonalysts' commercial and military modeling, simulation and 
tactical decision aid (TDA) experience to support multiple and disparate users. This will be further 
enhanced by teaming with the Naval Postgraduate School (NPS) MOVES Institute (Modeling Virtual 
Environments and Simulation). An intuitive Graphic User Interface (GUI) supported by a modeling 
decision engine (MDE) will be developed that includes integrated physics-based 2D/3D displays. The 
MDE will act as an intelligent agent to prevent inappropriate use of models/algorithms in the determination 
of undersea warfare (USW) sensor implementation. Because many of the users may have limited 
indigenous computational capability, it is anticipated that a central site or sites will serve as a hub to 
support computationally and data intensive models, algorithms and databases. Portable models and a web-
based approach to output displays will promote wide interoperability and usability. 
   NPS has conducted extensive work in 
 
• Real-time sonar visualization using high-resolution ray-propagation techniques (e.g., Recursive 
Ray Acoustics (RRA) implementation), 
• Adapting rendering systems to web-based outputs and browsers, specifically through development 
and use of the extensible 3D (X3D) graphics standard, 
• Creation of open-source, extendable software libraries using Java and MATLAB source code, 
• Creation of large 3D model databases (e.g., the SAVAGE project), 
• Integration of physical models and networked communications with shared 3D-model entities via 
implementation of the IEEE Distributed Interactive Simulation (DIS) Protocol. 
 
Student education and faculty research will be utilized in open, cooperative and complementary ways for 
the repeatable construction and integration of diverse sonar visualization models. In toto accessibility using 
web technologies, with additional visualization provided using scalably networked 3D graphics, will be 
focused by the creation of web-based virtual environments. These small-scale virtual worlds will be 
adaptable for both unclassified and tactical scenarios. All unclassified NPS work will be made publicly 
available. 
   Such integration and interoperability among diverse products will support new kinds of interactive 3D 
tactical applications, needed for many real-world challenges of net-centric undersea warfare. 
 
SUMMARY: The Naval Postgraduate School (NPS) has extensive experience in the construction of 
networked physics-based virtual environments for tactical applications. In support of Sonalysts’ efforts to 
establish multi-platform undersea warfare modeling and simulation for network centric techniques, 




researchers investigated and developed both 2D and 3D graphical user interfaces (GUIs) for real-time 
interactive visualization of sonar propagation models. This work was compatible with the extensible 3D 
(X3D) graphics specification and the recursive ray acoustics (RRA) computational model, and was adapted 
to Sonalysts’ modeling and decision engine (MDE). Unclassified and nonsensitive software products and 
models were placed in the public domain as part of the growing 3D archive, Scenario Authoring and 
Visualization for Advanced Graphic Environments (SAVAGE). 
 
 
N81 TASK WCM-14 SOF MODELING (DETAILED) FOR PR-07 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N81) 
 
OBJECTIVE:  To initiate research and development of transformational analytical modeling framework. 
Key sources of functionality will be SimKit discrete-event simulator, Combat XXI (under development by 
Army and U.S. Marine Corps (USMC) at Army TRADOC Analysis Center, White Sands) and Naval 
Simulation System (NSS) developed by METOC, San Diego. 
 
 
ONLINE MENTORS FOR LANGUAGE TRAINING AND CULTURAL FAMILIARIZATION 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Defense Language Institute 
 
SUMMARY: Military personnel are increasingly sent into unfamiliar environments to conduct operations 
other than war, including peacekeeping, humanitarian assistance, evacuation of non-combatant personnel, 
and deterrence of local hostilities. These missions require that U.S. soldiers interact with local populations. 
Indeed, the diverse nature of current and possible future Department of Defense (DoD) missions requires 
that a much larger population receive basic training in foreign languages and cultures.  According to a 
report from the General Accounting Office (GAO 2002), there is a shortfall of 50% for Army translators 
and interpreters of the Arabic language. There are similar shortfalls in critical languages, and in other 
government agencies and military services. Moreover, certified linguists and other trained personnel 
require refresher training to maintain basic skills and learn local variations. In the Arab world, especially, 
there are significant variations in dialect, gestures and formalities. Basic language training and cultural 
familiarization will enable U.S. forces to perform their diverse missions more effectively, and with the 
potential for saving lives while deployed to foreign shores. 
     The scope of this effort was a 12-month proof-of-concept project with demonstration and evaluation of 
prototype web-based instructional content for language training and cultural familiarization. The project 
team was comprised of the Naval Postgraduate School (NPS) Moves Institute, the Defense Language 
Institute (DLI), and commercial partner VCM3D. Target audience for this technology, over the long term, 
includes: 1) DLI students, 2) DLI graduates maintaining proficiency, 3) non-DLI military members 
deploying to another country, and 4) other agencies and individuals with an overseas presence. 
The prototype incorporated H-ANIM humanoid avatars with extended behaviors relating to language, 
gesture and expression applicable to language training (mentor teaches a segment, student responds to a 
learning situation, software assesses the response and feedback is provided to the student).  Learning 
content and development products included spoken phrases (initially, American English and Iraqi Arabic), 
data representations (single Extensible Markup Language (XML) schema describing multilingual 
instructional content), tools for rapid production of learning components, quantitative measures of the effort 
needed to develop the content and demonstration of web delivery through a Learning Management System 
(LMS). Arabic (Iraqi dialect) was selected for the proposed prototype. 
Considerations behind this section included:  
 
• Instruction in the Arabic language is in great demand by agencies using DLI training, 
• Standard (as opposed to dialectic) Arabic has limited use as a spoken language, 




• Arabic is considered a “Cat 4” language; i.e., one of the most challenging yet important to learn. 
 
The effort integrated proven capabilities XML schema, XML internationalization (118N) and 
localization (LION), the X3D graphics standard (web 3D graphics in XML), the H-ANIM standard for 
interchangeable body and behavior definitions, text-to-speech and speech-to-text (as appropriate) and 
matching voice recordings. The work will produce a human models library of two to four new characters, 
including native dress, a human behavior/gestures library to support multilingual/multinational project 
scenarios, and an authoring tool environment for assisting curriculum designers, and a prototype playback 
and participation application for users. 
This is a long-term need requiring broad strategic planning and funding. The work will produce 
quantitative cost and capability assessments as a basis for such DOD (and government) strategies. 
 
 
OPERATIONS OTHER THAN WAR (OOTW) TOOLBOX RESEARCH AND DEVELOPMENT  
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Defense Modeling and Simulation Office 
 
OBJECTIVE: MOVES Institute will provide project management support and perform studies and 




RENDERING DYNAMIC STRUCTURES USING WEB-CAPABLE 3D MODELS FOR 
MILITARY SIMULATIONS 
Donald P. Brutzman, Associate Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: TRADOC Analysis Command 
 
SUMMARY: TRADOC Analysis Command sponsored research in computer technologies/methodologies 
for rendering deformable surfaces in Army simulations. The primary purpose of this research was to 
determine the best approach to model complex geometry for dynamic interactions with entities in 
distributed military simulations.  Interactions of interest included the firing of various direct-fire munitions 
at terrain and complex structures, thereby causing physics-based deformations and/or collateral effects.  
 
 
A TRANSFORMATIONAL FRAMEWORK FOR DESIGN, DEVELOPMENT, AND 
INTEGRATION OF ANALYTICAL MODELS 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
Arnold H. Buss, Research Assistant Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations 
 
SUMMARY: Initiated research and development of a transformational analytical modeling framework and 
representative functional capability to establish a foundation for ongoing development and integration of 
model components in a flexible, scalable, extensible architecture. Following the programmatic model of the 
Extensible Modeling and Simulation Framework (XMSF) effort, the work was informed by creation of 
early functioning exemplars demonstrating the concepts. Key sources of functionality for the initial 
demonstrations of capability included: 
 
• Simkit discrete event simulation application program interface (API) developed by the Naval 
Postgraduate School (NPS), 
• Combat XXI under development by the Army and Marine Corps at the Army TRADOC Analysis 
Center (TRAC), White Sands, 




• Naval Simulation System (NSS) developed by Metron, San Diego, and management by NPS. 
 
Integration of components from these sources provided demonstration of a broad, joint set of warfare 
capabilities. All work reflected precepts of the XMSF program, utilizing Internet technologies for common 
data semantics, protocols, and interchange. 
 
 
WCM-09: BATTALION COMBAT MODELING MODULE 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N815E5) 
 
OBJECTIVE: To establish a theoretical foundation for follow-on design and development of an 
aggregated-force ground-combat module that can replay Combat results in a joint campaign model 
(implemented in a collaborative modeling and simulation (M&S) framework involving NSS, Simkit and 
Combat). Initial research will develop a theoretical basis for such a hierarchy-of-models approach for 
representing larger-scale ground combat in a joint campaign model. Previous Army work and experience 
with the Attrition Calibration (ATCAL) Methodology provided the point of departure, with consideration 
given to theoretical advances in mathematical models of combat that have occurred since ATCAL was 
developed in the early 1980s (particularly those that pertain to the use of Combat in this hierarchy of 
models). The implementation of such methodology in the joint combat model must be extensible to enable 
future work for interaction of less than battalion-sized objects, including individual aircraft and vehicles. 
Also, basic research will be performed on the analytical modeling of air-to-air and air-to-ground operations 
within the context of the joint campaign model. Integration of components from these sources will provide 
demonstration of a broad, joint set of warfare capabilities. Follow-on development work will apply precepts 
of the Extensible Modeling and Simulation Framework (XMSF) program, utilizing Internet technologies 
for common data semantics, protocols and interchange. 
The project team shall review (and document the review) of previous work on the hierarchy-of-models 
approach for the representation of large-scale Combat (particularly the use of ATCAL Methodology by the 
Army's Concepts Evaluation Model (CEM) and the Air Force's Thunder Model). The theoretical basis of all 
such applied implementations of G.M. Clark's ideas for developing such a hierarchy of models should be 
considered and taken as the point of departure for new theoretical developments in the hierarchy of models, 
as well as Taylor's new methodology for Lanchester attrition-rate coefficients. This review should identify 
functional requirements for multi-resolution modeling that can help generate an aggregated-force combat 
module for large-scale ground combat for a joint campaign model (implemented in a collaborative M&S 
framework involving NSS, Simkit and Combat). 
 
 
WCM-15: JOINT FORCIBLE ENTRY OPTIONS MODELING IN COMBAT XXI FOR PRO7 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N81) 
 
OBJECTIVE:  To initiate research and development of transformational analytical modeling framework. 
Key sources of functionality will be SimKit discrete-event simulator, Combat XXI (under development by 
Army and U.S. Marine Corps (USMC) at Army TRADOC Analysis Center, White Sands) and Naval 
Simulation System (NSS) developed by METOC, San Diego. 
 
 




WCM-16: SAVAGE TO MODEL FORCE PROTECTION/ANTI-TERRORISM MODELING FOR 
PRO7 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N81) 
 
OBJECTIVE: To perform software design and development to extend capabilities of the Naval 
Postgraduate School (NPS) Force Protection/Anti-Terrorism (FP/AT) planning tool to enable its application 
to studies of interest to N81. 
 
SUMMARY: The planning tool currently models picket boat protection against small boat threats to ships 
in-port (inspired by the bombing of the USS COLE). The tool provides a closed loop execution mode to run 
multiple replications to obtain statistical output for analysis. This research extended capabilities of this tool 
to explore FP/AT scenarios of interest to N81. The project team performed the following: 
 
Requirements Analysis and Software Design 
Working with N81 analysts, determined functional capabilities needed to explore FP/AT problems of 
interest to N81. Performed software design to modify and expand capabilities of the NPS planning tool 
to meet required capabilities for the studies. 
 
Software Implementation and Test 
Implemented and tested software modifications to the NPS FP/AT planning tool. Demonstrated new 
and enhanced capabilities of the model to perform desired studies. Work included upgrading the 
implementation to use the Simkit discrete event simulation library. 
 
Problem Definition, Scenario Development, Model Execution and Analysis 
Performed systems analysis to specify the analysis question, identifying the setting, threat and force 
protection characteristics to be studied. Identified various options to be investigated and designed 
experiments to be run. Determined an appropriate operational setting for the study. Input necessary 
force structures, weapons characteristics, initial conditions and other database and scenario 
initialization data needed to represent the scenario in the model. Conducted necessary model 
replication runs to obtain statistical data supporting analysis of results. Prepared a document describing 
the analysis problem, experimental design, scenario and model outcomes, with lessons learned and 
recommendations for further study. 
 
 
WCM-19: IMPROVE STRIKE MODULE (DETAILED) IN COMBAT XXI FOR PRO7 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N81) 
 
OBJECTIVE: To initiate design and development of an analytical simulation capability built on the 
foundation of the Simkit software and prior simulation development performed by students and faculty at 
the Naval Postgraduate School (NPS). Integration of components from these sources will provide 
demonstration of a broad, joint set of warfare capabilities. All work will reflect precepts of the Extensible 
Modeling and Simulation Framework (XMSF) program, utilizing Internet technologies for common data 
semantics, protocols and interchange. 
 
SUMMARY: The project team performed model capture and upgrade and gathered previously developed 
models from student theses and faculty research that used the Simkit software. For example, simulations 
developed in the following student theses are candidates for the repository of models: 
 
• “Operational Availability and Cost Trade-Off Analysis for the Multi-Mission Maritime Aircraft,” 
(Margolis, M., September 2003)  




• “Tactical Route Planning for Submarine Mine Detection and Avoidance,” (Nawara, T., September 
2003) 
• “Selective Offload Capability Simulation (SOCS): An Analysis of High Density Storage 
Configurations,” (Futcher, F.W., September 2003)  
• “Dynamic Allocation of Fires and Sensors,” (Havens, M.E., September 2002) 
• “An Exploratory Analysis of Water Front Force Protection Measures Using Simulation,” (Childs, 
M.D., March 2002) 
• “Agent-Based Simulation of German Peacekeeping Operations for Units Up to Platoon Level,” 
(Erlenbruch, T., March 2002) 
• “Operational Logistics Warga,” (Fricke, C., December 2001) 
 
 
WCM-28: ANALYTICAL WORKBENCH 
Donald P. Brutzman, Associate Professor 
Curtis L. Blais, Research Associate  
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N81) 
 
OBJECTIVE:  To initiate research and development of transformational analytical modeling framework. 
Key sources of functionality will be SimKit discrete-event simulator, Combat XXI (under development by 
Army and U.S. Marine Corps (USMC) at Army TRADOC Analysis Center, White Sands) and Naval 
Simulation System (NSS) developed by METOC, San Diego. 
 
 
IMPROVEMENTS TO DYNAMIC ALLOCATION OF FIRES AND SENSORS (DAFS) 
Arnold H. Buss, Research Assistant Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: TRADOC Analysis Command 
 
OBJECTIVE: To enhance and improve Dynamic Allocation of Fires and Sensors (DAFS), a model that 




DEVELOPMENT OF A HUMAN-COMPUTER INTERFACE DESIGN AND EVALUATION 
GUIDE 
Anthony P. Ciavarelli, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N125B) 
 
OBJECTIVE: To develop, test and evaluate a human-computer interface design methodology and 
prototype test and evaluation system. The anticipated result of this effort, a handbook for human-computer 
interface design and usability testing, is intended for use during the early and midcourse design and testing 
phases of a new computer-based system for use during a major system upgrade. 
 
 
DEVELOPMENT OF THE U.S. MARINE CORPS GROUNDS FORCE COMMAND SAFETY 
ASSESSMENT SURVEY 
Anthony P. Ciavarelli, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: U.S. Marine Corps 
 
OBJECTIVE: To establish a Prototype Development and Usability Laboratory to be used by Naval 
Postgraduate School graduate students in support of the U.S. Marine Corps (USMC) safety assessment 
software system testing and for development of online safety educational programs. 




Work with CDR Bellenkes to develop human-interface guidelines and usability laboratory test 
procedures and establish the usability laboratory in support of both projects. This work will assist students 




JOINT FORCES SAFETY RESEARCH 
Anthony P. Ciavarelli, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation)  
Sponsor: Office of the Assistant Secretary of the Navy  
 
OBJECTIVE: To develop and apply innovative methods for analyzing tri-service mishap databases and 




TEST AND EVALUATION OF A COMMAND SAFETY ASSESSMENT SURVEY SYSTEM FOR 
U.S. MARINE CORPS GROUND FORCES 
Anthony P. Ciavarelli, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation)  
Sponsor: U.S. Marine Corps Headquarters 
 
OBJECTIVE: To develop and test a ground-force command safety assessment system. This was a follow-
on test and evaluation study for the ground force survey system currently under development. 
 
 
AGENT-BASED MODELING OF COMMON DISEASE SPREAD ON NAVAL VESSELS 
Christopher Darken, Associate Professor 
Department of Computer Science 
Sponsor: Office of Naval Research 
 
OBJECTIVE: To create agent-based models to study how the rate and pattern of disease spread depend 
upon human behavior. These models are intended for use in exploring the effectiveness of behavioral and 
medical policy options, eventually including the assessment of medical requirements and projection of 
clinic loads. 
 
SUMMARY: Extreme examples like the Spanish Flu pandemic of 1918 make clear the devastating impact 
that communicable diseases can have on military readiness.  It is highly desirable to have models and tools 
that can be used to evaluate the medical requirements, both long and short term, associated with such 
occurrences. Relevant long-term requirements include such considerations as vaccine development and 
production, resources for the treatment of secondary infections, the availability of life support equipment 
and supplies, and the number of health care professionals. Near-term projection of clinic loads in the midst 
of an outbreak would also be helpful. Additionally, it is desirable to be able to assess the effectiveness of 
non-medical strategies for containing outbreaks such as constraining movement, closing crowded public 
venues, etc. Furthermore, it is desirable to be able to make projections for various types of environments 
including shipboard, hospital, and urban settings. 
The primary difficulty with creating models and simulations for this purpose is that disease spread 
depends upon the details of human behavior. That is, the likelihood that a particular individual will catch a 
given disease depends upon such specifics as where he spends his day (i.e., what air he is breathing), who 
he talks to, what he touches, his habits of personal hygiene, etc. The agent-based approach is the state-of-
the-art in modeling autonomous entities in software. While agent-based models are highly simplified as 
representations of human behavior, they are nonetheless much more complex and expressive as compared 
to traditional statistical and differential equation models. Evidence was provided that software agent 
models of human behavior can be made sufficiently accurate, detailed, and flexible to support an overall 
model of disease spread adequate for the purposes described. A prototype system was built as a proof of 
concept demonstration. 






Gutierrez, L., “Simulated Disease Spread Aboard Ship Using Agents,” Master’s Thesis, Naval Postgraduate 
School, (completion expected in spring 2005). 
 
 
ARTIFICIAL EYES AND SKIN: A COMPUTATIONAL PERCEPTION TESTBED 
Christopher Darken, Associate Professor 
Department of Computer Science 
Sponsors: Navy Modeling and Simulation Office, Chief of Naval Operations (N61M) 
 
OBJECTIVE: To develop and implement computational models of visual and tactile perception for 
research and teaching use. 
 
SUMMARY: Starting from previous work (Darken, 2004), researchers have been working on the raster-
based approach to modeling visual perception and specifically target acquisition described in that work. In 
this approach, the agent is presented with information about the environment (a pixel raster) that is similar 
to what a human user receives through a graphical interface. This approach is the first to have the potential 
to realistically account for such factors as shadow, camouflage, silhouetting, and smoke in real time. A set 
of algorithms was designed for this purpose. They were implemented to run on consumer graphics boards 
to allow real-time performance. 
A representation of tactile sensation was developed that has been ready for several months, but 
implementation on the target platform (the open-source dynamics engine ODE) has not been possible due 
to unforeseen limitations of the early version of the platform that was available. These limitations have 




Darken, C., “Visibility and Concealment Algorithms for 3D Simulations,” Proceedings of the 2004 
Conference on Behavior Representation in Modeling and Simulation (BRIMS). 
 
Darken, C., Pursel, E., and Correia, J., “AI on the GPU,” Proceedings of the ACM Workshop on General 




Correia, J., “Agent Target Acquisition Based on Color and Texture,” Master’s Thesis, Naval Postgraduate 
School, (completion expected in 2005). 
 
Pursel, E., “Agent Perception on Graphics Hardware,” Master’s Thesis, Naval Postgraduate School, 2004. 
 
 
CONTEXT-DRIVEN ARCHITECTURE FOR NATURAL LANGUAGE PROCESSING 
Christopher Darken, Associate Professor 
Department of Computer Science 
Sponsors: Navy Modeling and Simulation Office, Chief of Naval Operations (N61M) 
 
OBJECTIVE: To develop a new architecture for natural language processing by software agents based on 
a relatively deep understanding of the context of the utterance, i.e., the focal events and significant ongoing 
processes at work in the environment of the agent. 
 
SUMMARY: This work uncovered two key obstacles preventing adequate representation of context for 
software agents in military simulations: inadequate perceptual modeling (i.e., representing what parts of the 
environment are available for the agent to represent as context) and the lack of mental simulation 
algorithms that would allow agents to distinguish likely from unlikely interpretations. To address the most 




important aspect of the perceptual modeling deficit, researchers developed a set of three methods exploiting 
computer graphics techniques for modeling the inter-visibility of battlefield entities in 3D simulations.  
To address the mental simulation issue, researchers developed a methodology to exploit the class of 
mental simulations that are based on the metaphoric reapplication of models of the physical world to 
battlefield phenomena (e.g., modeling the movement of multi-entity forces as the movement of a fluid or 
gas). This aspect of the work is still under active investigation. Secondly, researchers developed an 
approach to learning context, modeled as the ability to predict future percepts and implemented a test-bed 
virtual environment and learning algorithm. This system has successfully learned the identification and 
consequences of up to 70,000 situations (contexts). It has achieved an average prediction ability of over 




Darken, C., “Visibility and Concealment Algorithms for 3D Simulations,” 2004 Conference on Behavior 
Representation in Modeling and Simulation (BRIMS). 
 
Burgess, R. and Darken, C., “Realistic Human Path Planning Using Fluid Simulation,” 2004 Conference on 




Burgess, R., “Metaphoric Programming,” Ph.D. Thesis, Naval Postgraduate School, (completion expected 
in 2006). 
 
Kunde, D., “Event Prediction for Modeling Mental Simulation in Naturalistic Decision Making,” Ph.D. 
Thesis, Naval Postgraduate School, (completion expected in 2006). 
 
 
CREATE A TESTBED TO EVALUATE VIRTUAL ENVIRONMENT TECHNOLOGIES FOR 
NAVAL USES 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Chief of Naval Operations (N61M) 
 




DEFENSE AND ENTERTAINMENT COLLABORATION TASK DE-1 AN OPEN-SOURCE 
SIMULATION ENGINE: BRINGING HIGH-PERFORMANCE VISUAL SIMULATION TO THE 
CLASSROOM  
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Chief of Naval Operations (N61M) 
 
SUMMARY: Gaming companies are not in the business of selling or supporting development software - -
they make games. Their gaming engines are their “edge” on other gamers. They guard them closely and 
want tight control on their use. 
The requirements for making a successful game vice making a successful training or simulation system 
are vastly different – each is played by a completely different set of rules. 
This effort involved the development of a “simulation engine” that leverages the open source 
movement to the greatest extent, while providing the Department of Defense (DoD) with a simulation 
development tool specifically suited to their needs and requirements and which mixes the power of gaming 
engines with the robustness of visual simulations.  
There are a great many excellent open source tools available today, none of which solves this problem 
alone, but when properly fit together, these open source tools could create an excellent scalable solution. 




What the DoD modeling and simulation community needs is a focused effort to fit these open source tools 
together into a unified application program interface (API) that addresses the DoD’s unique needs, and then 
to make that tool widely available to all DoD programs. A “best of breed” approach to visual simulation 
tool development using all open source resources was followed. There are several advantages to this 
approach: 
 
• There is no need to support the code at its lowest level. This is the benefit of using open source 
tools. Moreover, if one open source tool is better than another, the framework can be built to swap 
tools such that users do not see the change (hence “best of breed” architecture). 
• DoD standards, such as Distributed Interactive Simulation/High Level Architecture (DIS/HLA), 
can be supported by extending the capabilities supplied by the open source tool. 
• There are NO LICENSING COSTS in this model. This is far less expensive than every site paying 
for the same tools and then paying again when it comes time to deploy. This model simply does 
not work for the DoD anymore. 
 
Game development is clearly more efficient than visual simulation - there is less redundancy and game 
developers tend to have the right people working on the right aspects of the game; behavioral content 
developers only develop content and write script and code, artists only develop visual and audio content. 
However, their software is only minimally supported as compared to visual simulation tools. They do not 
support DoD interoperability standards. They are usually constrained to a single display with keyboard, 
mouse or joystick input devices. The proposed simulation engine adopts the gamer's development 
procedures and combines it with the functionality of visual simulation tools and a cost structure that works 
for today's DoD programs. 
 
 
FACILITATING ORGANIZATIONAL LEARNING AND CHANGE THROUGH THE 
NATIONAL EXERCISE PROGRAM 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Department of Homeland Security 
 
SUMMARY: This program was a collaboration between the Center for Homeland Defense and Security 
(CHDS) at the Naval Postgraduate School and the Center for International Security and Cooperation 
(CISAC) at Stanford University. The objective of the program was to study how organizations learn from 
exercises and how this learning can be brought to bear on improved capacity for readiness in homeland 
security. The program contained a strong basic research component, an applied research component and an 
active seminar and fellowship program to support all activities by both organizations. 
 
 
HUMAN PERFORMANCE ENGINEERING TASK HPE-2 IMPROVED CHROMAKEY-BASED 
AUGMENTED REALITY TRAINING SYSTEM 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Chief of Naval Operations (N61M) 
   
OBJECTIVE:  To improve on design and implementation of VEHELO apparatus for training helicopter 
pilots, as part of VIRTE ONR. 
 
 




INVESTIGATING AIR TRAFFIC CONTROL (ATC) PROCEDURES FOR SIMULTANEOUS 
NON-INTERFERING FLIGHT WITHIN THE NATIONAL AIRSPACE SYSTEM 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Federal Aviation Administration  
 
SUMMARY: Performed research in cooperation with Dr. J. Mulligan of the National Aeronautics and 
Space Administration (NASA) Ames Research Center. The operating hypothesis for this research was that 
current ATC procedures for handling simultaneous flight operations of fixed and rotary wing aircraft are 
suboptimal, and that the use of burgeoning technologies such as GPS can be used to improve on the current 
situation in terms of air traffic volume and safety. Experimentally related physically-validated human 
performance metrics in the air to performance in a simulator built specifically for this program. 
 
 
A MULTI-USER ENVIRONMENT FOR EXPLORING FEAR MANAGEMENT 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Department of Homeland Security 
 
OBJECTIVE: To construct a prototype on-line persistent environment (like an on-line gaming 
environment) to support “The Psychology of Fear Management and Terrorism” elective in the Homeland 
Security Learning Distance (HSLD) program. The environment would enable the experimentation and 
study of human behavior under a variety of circumstance not possible in the real world. Also, it could be 
expanded to be a consumer-level game to repackage the ready.gov Department of Homeland Security 
(DHS) web site into an alternate form for public education. 
 
 
NEXT GENERATION CHROMAKEY TRAINER FOR NAVY HELICOPTERS 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Naval Air Systems Command - Orlando 
 
SUMMARY: Improved on the design and implementation of the virtual environment helicopter 
(VEHELO) apparatus for training helicopter pilots as part of the Virtual Technologies and Environments 
(VIRTE) program at the Office of Naval Research (ONR). The effort involved procurement of a variety of 
components, including cameras, computing equipment, signal mixers, cables, shockproof portable cases, 
software and other essential parts necessary to build the next generation VEHELO trainer. 
 
 
OPEN SOURCE GAME-BASED SIMULATION ENGINE FOR NAVAL EDUCATION AND 
TRAINING 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Naval Postgraduate School 
 
OBJECTIVE: To produce a game-based training simulation engine for constructing future training 
applications for the Naval Education and Training Command (NETC). To produce a prototype application 
and the associated documentation for the engine. 
 
 




SIMPLIFYING THE USE OF GEOSPATIAL DATA IN MODERN GAME ENGINES 
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: National Imagery and Mapping Agency 
 
SUMMARY: Constructed a conduit for standard National Imagery and Mapping Agency (NIMA) data 
into a full feature open source game engine for use in government sponsored training and simulation 
products. Developed a mechanism for introducing stochastic noise for added surface detail beyond the 
fidelity of the original data set. 
 
 
SIMULATION AND ANALYSIS FOR DEPLOYABLE MILITARY OPERATIONS ON URBAN 
TERRAIN (MOUT) AND FULL SPECTRUM COMBAT  
Rudolph P. Darken, Associate Professor 
Department of Computer Science 
Sponsor: Office of Naval Research 
 
SUMMARY: Supported the Office of Naval Research (ONR) Virtual Technologies and Environments 
(VIRTE) program through a set of tasks involving building rapid prototype systems and test and evaluation 
of those components. For all tasks, all source code, documentation (to include Master’s theses), papers and 
models developed by the Naval Postgraduate School for this program were delivered. Team members 
participated in most of the evaluation studies led by Lt. Cohn at the Naval Research Laboratory (NRL).  
 
 
HUMAN PERFORMANCE ENGINEERING TASK HPE-1 USING COGNITIVE TASK 
ANALYSIS IN THE VALIDATION PROCESS OF COGNITIVE MODELS FOR SIMULATIONS 
MAJ Simon R. Goerger, USA 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N61M) 
 
OBJECTIVE:  To benefit Department of Defense (DoD) modeling and simulation through demonstration 
outlining criteria to reduce subject-matter expert bias in validation of cognitive models by using principles 
of cognitive task analysis in validation processes. 
 
 
COMBAT MODELING AND ANALYSIS TASK CMA-4: MODEL ATTACHED COGNITIVE 
SUBJECTS (MACS) 
John Hiles, Research Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N61M) 
 
OBJECTIVE:  To demonstrate that simulated subjects--agents directed by goals that are guarded by 
cognitive constructions from within--can be added to a simulation; and to demonstrate a simulation 
architecture that allows these cognitive subjects to be connected from outside. 
 
 
COMPUTER-GENERATED AUTONOMY TASK CGS-1 SINGLE-SCOPE COGNITIVE 
BLENDING BY AGENTS 
John Hiles, Research Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N61M) 
 
OBJECTIVE: The proposed works will result in formalized architecture for autonomous software 
products of Single-Scope blended mental spaces that will enable analysts to examine thought processes of 
particular subjects or serve as a behavioral engine for inserting into other simulations using the proposed 
architecture. 




PROTEUS MEDIA: EXPLORING THE UNKNOWN - LEARNING TO CREATE NEW MENTAL 
MODELS 
John Hiles, Research Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Naval Engineering Logistics Office 
 




PROTEUS MEDIA: EXPLORING THE UNKNOWN - LEARNING TO CREATE NEW MENTAL 
MODELS 
John Hiles, Research Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: National Reconnaissance Office  
 
OBJECTIVE:  To discover and understand new rational models and how to teach these to students. It is a 
complex world exhibiting a power law instead of linear relationships in terms of consequences, intended or 
not. Researchers also plan to implement a tabletop computer assisted political exercise employing the 
PROTEAN concepts applied to contemporary Iraq. 
 
 
PROTEUS MEDIA PROJECT PHASE 1 
John Hiles, Research Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: National Science Foundation 
 
SUMMARY: Proteus Media Phase I is the first step in the Proteus Media Project. This phase was designed 
to get the design work off to a quick start. Phase I will not cover all the design work, but will allow it to get 
off to a quick start and get up to an initial design meeting with a small group of subject matter experts. At 
the end of the first phase, the project had a straw-man design approach and had completed a first design 
meeting with subject matter experts. 
Proteus Media is the name for a computer-assisted political wargame that will put participants in 
governing positions inside individual factions that are operating within post-war Iraq.  Each faction is a 
political entity capable of autonomous action.  The game will give each faction leader experience in each of 
the Proteus dimensions: political, economic, operational, cultural and temporal. In particular, the temporal 
dimension will show the scale and pace of time and the presence of time pressure within a faction. In the 
aggregate, the game will provide experience in dealing with other operators who have a different sense and 
scale of time. Faction leaders will also come to know the Proteus forces (see Proteus Insights From 2020). 
In Proteus Media, these forces are adaptive and can change based on the course of the wargame and on the 
attention or lack of attention players pay to the forces. These forces will be employed by the game to create 
surprises, power-law effects and unintended consequences that spring from the actions taken by faction 
leaders.  
During this first phase of design, attention was focused on the relationship between temporal pace 
within a faction and that faction’s interactions with an outside world whose entities may possess intrinsic 
temporal scales that differ significantly. This phase of the Proteus Media Project covered preliminary 
design so that work can get underway while additional funding is obtained to support the remainder of 








NETWORKED VIRTUAL ENVIRONMENTS TASK NVE-4 EXTENSIBLE RUN-TIME 
INFRASTRUCTURE (XRTI) 
Andrzej Kapolka, Research Associate 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N61M) 
 
SUMMARY: The first goal of the Extensible Run-Time Infrastructure (XRTI) project was to develop a 
simple working Run-Time Infrastructure (RTI) that meets the identified goal without providing the more 
advanced services of the High Level Architecture (HLA): time management, ownership management and 
data distribution management. This initial implementation was optimized for use in Internet-based 
networked virtual environments, and thus conformed to a client-server topology. Future versions of the 
XRTI will support the full HLA standard, allow operation in peer-to-peer and hybrid topologies using 




SCENARIO DEVELOPMENT IN COMBAT XXI 
CAPT Starr King, USN, Military Faculty 
Department of Operations Research  
Sponsor: Chief of Naval Operations (N815E5) 
 
OBJECTIVE: Contractor will design, implement, test, transfer and support an expeditionary warfare 
scenario based on the MCO-1 2020 Scenario published in the Defense Planning Scenario (DPS) or the 
Multi-Service Force Deployment published by the Office of the Secretary of Defense (OSD). Contractor 
will modify the scenario as called for by the Chief of Naval Operations (OPNAV) staff through the 
Campaign Analysis Integrated Process Team (CAIPT). The Principle Investigator will coordinate the 
delivery of the concept of operations (CONOPS) and other material from the OPNAV staff.  
 
 
CREATION OF A NATURAL LANGUAGE TUTORING SYSTEM FOR NAVY DAMAGE 
CONTROL 
Perry McDowell, Lecturer 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Office of Naval Research 
 
SUMMARY: Assisted the Center for the Study of Language and Information (CSLI) at Stanford 
University in researching natural language in a damage control trainer with various matters dealing with 
damage control, the Navy and planning. The Principal Investigator acted as a subject-matter expert (SME) 
in the area of damage control (DC) and Naval operations, and provided guidance and initial assessment 
from a Navy point of view. 
 
 
THEORETICAL AND EMPIRICAL ANALYSIS OF WIRELESS SIMULATION 
CDR Joseph A. Sullivan, USN, Military Faculty 
Department of Computer Science 
Sponsor: Department of the Navy Chief Information Officer  
 
SUMMARY: Conducted a study of the impact of wireless network infrastructures to support large-scale 
simulations involving expeditionary warfare forces in deployed settings. 




AMERICA'S ARMY GAME ENHANCEMENTS USING PICATINNY SYSTEMS FUTURE 
WEAPONS 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: U.S. Tank-Automotive and Armaments Command  
 
SUMMARY: The Ground Combat Simulation Laboratory and the United States Military Academy at West 
Point (USMA), and USMA's research partner, the MOVES Institute, jointly proposed the enhancement of 
the America's Army game to include additional Picatinny weapon systems.  This research focused 
specifically on the inclusion of an existing system as an enhancement of the current game and to research 
its utility for deployment in the future. 
 
 
AMERICA'S ARMY GAME ENHANCEMENTS - VIRTUAL IMMERSION PERSONNEL 
READINESS 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: U.S. Air Force Force Protection 
 
SUMMARY: The Air Force's Force Protection Battlelab desires a convoy force protection scenario built 
into the America's Army personal computer game. The purpose of that enhancement was to create a part-
task trainer for force protection. The developed scenario will be integrated into the publicly releasable 
America's Army game. 
 
 
AMERICA'S ARMY: OPERATIONS AND SOLDIERS MARKETING SUPPORT 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Office of the Assistant Secretary of the Army  
 
SUMMARY: The Army is actively seeking means to more effectively market its career opportunities to 
America's youth. One method is through a set of web-based, instrumented and networked video or 
computer games to attract youth so they may be informed of various aspects of Army life and Army career 
opportunities. The games are designed so as to complement the Army's current Internet web page - Go 
Army.com. Using a computer game, the Army can provide information via an entertaining virtual Army 
career experience on stand-alone systems of the Internet. Marketing of the game is key to meeting the goals 
stated in the original memorandum of agreement.  
 
KEYWORDS: Large-Scale Multi-Player Networked Virtual Environments, Modeling and Simulation 
 
 
ARMY GAME PROJECT 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Office of the Assistant Secretary of the Army  
 
SUMMARY: The U.S. Army has a shortfall in recruiting. There is the potential for improving recruiting 
through the use of a web-based, instrumented, set of networked videogames or computer games (both of 
which are hereafter referred to as videogames). The web-based videogames will attract people to the Army, 
provide high fidelity feedback about potential recruits, obtain leads for recruiting, and deliver strategic 
communications about the Army to the potential recruit. The Naval Postgraduate School MOVES 
Institute’s Academic Group developed instrumented, networked videogames to improve Army recruiting. 
 
 




GAME ENGINE SUBLICENSE AND COLLABORATION 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Department of Energy - Los Alamos National Laboratory  
 
SUMMARY: The Naval Postgraduate School's MOVES Institute collaborated with the Los Alamos 
National Laboratory (LANL) in the area of game engine utilization for nonproliferation verification. The 
purpose of this proposal was to sublicense the Unreal Game Engine to LANL for use in that study. Funding 
received from that sublicense will be utilized to support additional programming staff for the MOVES 
Institute's game engine internal research and development efforts and to support a programming interface to 
the game engine. 
 
 
INERTIAL MOTION TRACKING FOR INSERTING HUMANS INTO A NETWORKED 
SYNTHETIC ENVIRONMENT 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: U.S. Army Research Office 
 
SUMMARY: Developed a whole body tracking system with 15 MARG sensors. Three MARG sensors 
were fabricated in prior years as part of the development effort. Twelve more sensors will be needed. 
Applications of the body tracking technology will be demonstrated in 2005.  
 
 
INSTRUMENTING AMERICA'S ARMY TO MODEL GROUP COORDINATION 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Defense Advanced Research Projects Agency 
 
SUMMARY: The MOVES Institute of the Naval Postgraduate School constructed the America's Army 
personal computer game for the U.S. Army as a popular method for strategic communication. There is 
increasing interest in using the game as a research tool. The purpose of this project was to initiate steps 
towards modeling group coordination in a networked virtual environment, the America's Army online game. 
 
 
A LIVE PERFORMANCE SIMULATION SYSTEM: VIRTUAL VAUDEVILLE 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: University of Georgia  
 
SUMMARY: This proposal addresses a problem fundamental to performance scholarship and pedagogy: 
how to represent and communicate the phenomenon of live performance using media. The short-term 
objective is to develop and test a general-purpose set of techniques and technologies by completing a fully 
functional prototype. The test case was a performance of vaudeville in 1880 at the Tony Pastor Theatre, 
New York City. The end result represents an important advance in the design and implementation of virtual 
environments, building on recent successes in creating photo-realistic simulations of real 3D environments 
by introducing a large quantity of complex human performance data. 
 
 
THE MOVES INSTITUTE – FISCAL YEAR 2003 
Michael J. Zyda, Professor 
MOVES Institute (Modeling, Virtual Environments and Simulation) 
Sponsor: Chief of Naval Operations (N61M) 
 
SUMMARY: The Naval Postgraduate School, in conjunction with N61M, established a degree program, 
the Modeling, Virtual Environments and Simulation (MOVES) curriculum and a research institute, the 




MOVES Institute. The degree program generates officers who are capable of filling XX99-P/6202-P coded 
billets upon graduation.  The degree program is roughly half computer science and half operations analysis, 
with the goal of producing officers with an understanding of the mathematics and technology behind 
modern modeling, virtual environment and simulation systems. The mission of the MOVES Institute is to 
be the world-class institute for research, application and education in the grand challenges of modeling, 
virtual environments and simulation. The goal of this proposal was to provide faculty support on mid-term 
and long-term issues of interest to the N61M sponsor and to couple student theses to N61M programs. 
 
 
YOU'RE IN THE ARMY NOW! RECRUITING GAMES  
Michael J. Zyda, Professor 
John Hiles, Research Professor 
Michael Capps, Research Assistant Professor 
Sponsor: Assistant Secretary of the Army for Manpower and Reserve Affairs 
 
SUMMARY: The U.S. Army has a shortfall in recruiting. There is the potential for improving recruiting 
through the use of a web-based, instrumented, set of networked videogames or computer games (both of 
which are hereafter referred to as videogames). The web-based videogames will attract people to the Army, 
provide high fidelity feedback about potential recruits, obtain leads for recruiting and deliver strategic 
communications about the Army to the potential recruit. The Naval Postgraduate School Modeling, Virtual 
Environments and Simulation (MOVES) Academic Group proposes to develop instrumented, networked 
videogames to improve Army recruiting. 
 
KEYWORDS: Synthetic Environments, Virtual Environments, Modeling and Simulation, Agent-Based 
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The Center for Interdisciplinary Remotely Piloted Aircraft Studies (CIRPAS) is a research center at the 
Naval Postgraduate School. The Office of Naval Research established CIRPAS in the spring of 1996.  
CIRPAS provides measurements from an array of airborne and grounds based meteorological, aerosol and 
cloud particle sensors, radiation and remote sensors to the scientific community. The data are reduced at the 
facility and provided to the user groups as coherent data sets. The measurements are supported by a ground 
based calibration facility. CIRPAS conducts payload integration, reviews flight safety and provides 
logistical planning and support as a part of its research and test projects around the world. The center 
operates a variety of manned aircraft and Unmanned Aerial Vehicles. CIRPAS is also a National Research 
Facility of UNOLS. 
   The facility provides unique flight operation and scientific measurement services by: 
 Providing access to manned aircraft, UAVs and support equipment, as well as to scientific 
instruments, to spare users the cost of ownership, guaranteeing equal access by all interested 
parties on a first-come, first-served basis. 
 Instrumenting and operating aircraft to meet the requirements of a variety of individual 
research and test programs. 
 Developing new instrumentation to meet increasing challenges for improvements in 
meteorological and oceanographic measurements.  
 Calibrating, maintaining, and operating the facility’s airborne instruments in accordance with 
individual mission specifications.   
 Integrating auxiliary payloads, as required, and handling flight safety and logistics tasks, 
allowing the user to concentrate on his specific mission goals.  
   The facility has unique UAV flight services, which include: 
 An available and centralized repository of diverse UAV assets to meet the needs of individual 
programs. 
 Access to the UAVs and support equipment on a “lease” basis so the user is spared the cost of 
ownership. 
 Turnkey UAV operations, including payload integration, flight safety and logistics support. 
 Low cost services using shared assets. 
   CIRPAS provides cost effective flight services, which benefits a broad spectrum of research. 
   CIRPAS operates out of two facilities. The primary site is located near the NPS campus at the Marina 
Municipal Airport. This facility includes a 30,000 sq ft hangar, maintenance and administrative spaces for 
CIRPAS staff. These include a fully outfitted machine shop, electronics room and a calibration lab for the 
upkeep of scientific instrumentation. The second site is at McMillan Airfield, Camp Roberts, California, 90 
miles south of the Marina facility. The Camp Roberts site provides the Center with a base of operations for 
both manned and unmanned aerial vehicle (UAV) flight activities. 
   The California Institute of Technology supports CIRPAS as the prime contractor. It is also partners with 





 Atmospheric and Oceanographic Research 
 Fleet and USJFCOM Exercises 
 Support for CONOPS Development 
 Payload Test and Evaluation 




THE CIRPAS AIRCRAFT 
 
UV-18A 'Twin Otter': The CIRPAS UV-18A 'Twin Otter' has two primary missions. The vehicle's large 
useful load makes it ideal for carrying instrumentation for atmospheric/oceanographic research. The twin 




turboprop Short Takeoff and Landing (STOL) aircraft can cruise at very low speeds for long durations. The 
aircraft has a maximum takeoff weight of 13,500 pounds. 
 
   Characteristics of the CIRPAS Twin Otter include: 
 Maximum endurance of 5 hrs. (extended further during ferry operations) 
 Maximum altitude of 25kft 
 70-160 KIAS Operational Speed Range 
 200 amp of payload power (DC and AC combined) 
 Wing span of 65 ft. 
 GTOW of 13,500 lbs. (~6000 lbs. useful) 
 
Pelican: The Pelican is a highly-modified Cessna 337 Skymaster originally developed by the Office of 
Naval Research for low-altitude, long-endurance atmospheric and oceanographic sampling. With additional 
support from NASA’s ERAST Program, the air vehicle has been configured to operate as a UAV surrogate. 
In the UAV surrogate role, Pelican provides a low-risk, low-cost test and evaluation platform by avoiding 
the airspace restrictions and other complications associated with unmanned aircraft operations. CIRPAS’ 
second Pelican air vehicle is a converted Cessna O2-A. It is operated without the Predator avionics 
equipment and is available for use in support of a variety of generic payload demonstrations. 
 
   Characteristics of Pelican include: 
 Maximum endurance of 15 hrs. 
 Maximum altitude of 15kft 
 Cruise speed of 90 KIAS 
 Nose payload bay capacity of 330 lbs. 
 Wing hardpoints and cabin space for additional payloads 
 1.2 kW of payload power 
 Wing span of 42 ft. 
 GTOW of 4600 lbs. 
 
Altus ST UAV: The Altus Single Turbo (ST) UAV was developed by General Atomics ASI to support 
high-altitude atmospheric monitoring requirements of NASA’s Environmental Research Aircraft and 
Sensor Technology Program. The Altus UAV is based on the proven Predator and GNAT line of 
unmanned aircraft. The Department of Energy’s Sandia National Labs funded the fabrication of a single-
stage turbocharged Altus UAV to support the Atmospheric Radiation Measurement (ARM) Science 
Campaign. As a result of a cooperative agreement with DOE, CIRPAS provides the vehicle’s services 
during the remainder of the year to other users. 
 
Characteristics of Altus ST include: 
 Maximum endurance of 30 hrs. 
 Maximum altitude of 45kft 
 Cruise speed of 70 KIAS 
 Nose payload bay capacity of 330 lbs. 
 1.2 kW of payload power 
 Wing span of 55 ft. 
 GTOW of 2100 lbs. 
 
Predator UAV: CIRPAS maintains and operates the U.S. Navy's only two Predator UAVs. One air vehicle 
is configured with the EO/IR, SAR and Ku-band SATCOM payloads; the other aircraft has the EO/IR 
payload only. The Predators and payloads were provided to CIRPAS as a result of the Center's Tactical 
Control System (TCS) developmental and operational test support. The air vehicles and payloads are 
available for other RDT&E or CONOPS development activities on a not-to-interfere basis with the TCS 
Program Office objectives. 
 
Characteristics of the Predator UAV include: 
 Maximum endurance of 36 hrs. 
 Maximum altitude of 25kft 




 Cruise speed of 70 KIAS 
 Nose payload bay capacity of 450 lbs., wing hardpoints 
 1.8 kW of payload power 
 Wing span of 48 ft. 
 GTOW of 2250 lbs. 
 
GNAT-750 UAV: The GNAT-750 UAV was developed by General Atomics ASI to support unmanned, 
medium altitude, endurance surveillance and other sampling requirements. The GNAT-750 is the 
predecessor to the Predator UAV. 
 
   Characteristics of the GNAT-750 UAV include: 
 Maximum endurance of 30 hrs. 
 Maximum altitude of 18kft 
 Cruise speed of 70 KIAS 
 Nose payload bay capacity of 125 lbs. 
 1.2 kW of payload power 
 Wing span of 35 ft. 
 GTOW of 1450 lbs. 
 
Ground Control Station: The General Atomics ASI Ground Control Station (GCS) provides aircraft 
control functions for the CIRPAS-operated UAVs. The GCS has redundant Pilot/Payload Operating 
Stations and is housed in a rugged, 18-ft long wheeled container. CIRPAS currently owns two GCSs and 
associated Ground Data Terminals capable of operating Predator/Altus/GNAT-750/Pelican air vehicles. 
GCS #1 includes a UHF and dual VHF radios for communication to other aircraft, range or ATC personnel. 
Additional radios provide direct communication between flight crew and other personnel if requirement 
exists. GCS #1 also has a video closed-captioning system to overlay aircraft and target position data on 
imagery before transmission to user. 
 
Atmospheric/Oceanographic Aircraft Payloads: CIRPAS can provide use of a wide variety of 
atmospheric and oceanographic sensors to the research community. The CIRPAS sensor suite includes off-
the-shelf instrumentation as well as one-of-a-kind, custom-built packages. 
   CIRPAS possesses a variety of scientific instruments and instrument suits. The basic meteorological and 
GPS suite consists of a Rosemount temperature probe, a Edgetech chilled mirror dew point sensor, a 
Rosemount flow angle probe with static ports, Vaisala temperature and dew point sensors, a Novatel GPS 
receiver with a ground survey station for differential correction, a TANS Vector GPS attitude system, a C-
Midget-II INS-GPS system, an IRGA humidity and carbon-dioxide sensor, and an Aerodyne fast absolute 
humidity sensor. The CIRPAS aerosol instrumentation suite consists of a TSI 3-color nephelometer, a 
Radiance soot photometer, a TSI Ultrafine particle counter, and a TSI condensation nuclei counter. The 
CIRPAS cloud and particle instrumentation suite consists of an FSSP–100, a PCASP-100X, both with 
upgraded electronics, a CAPS scatter and occultation probes, and DMT 2D-P and 2D-PP probes, a TSI 





 Marina Facility 
o 30,000 sq ft maintenance hangar 
o 3000 ft runway – manned operations only 
o Naval Reserve Unit 
o Office space, flight operations 
o Maintenance facility 
o Payload development and integration 
o Logistics planning and support to research and test projects 
 Camp Roberts Facility 
o Friendly airspace for testing and training (R2503) 
o Military ground maneuvers (equipment, personnel) 




o 3500 x 60 ft runway 
o 2000 sq ft hangar 
o Shared utilization of NRL 
o Temporary office space 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 








































Bluth, Robert, T. 






Research Assistant Professor 
384-2776 
gbuzoriu@nps.edu 
Knorr, Jeffrey B. 




Paduan, Jeffrey D. 



















Jonsson, Haflidi, H. 











AIRCRAFT TEST FLIGHT HOURS WITH SPECIFIC FITTING DESIGN FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION (NASA)/EARTH SCIENCE TECHNOLOGY 
OFFICE’S QUANTUM WELL INFRARED PHOTODECTOR (ESTO QWIP) 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: National Aeronautics and Space Administration - Goddard Space Flight Center  
 
 
ARM TWIN OTTER MEASUREMENT SUPPORT 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: U.S. Department of Commerce 
 
SUMMARY: Assisted National Polar-Orbiting Environmental Satellite System (NPOESS) to understand 
ocean surface and LAS doppler lidar returns from a space-based perspective and developed better model 
parameterization of air-sea. Configured and operated twin otter doppler wind lidar during collaborative 
lidar studies at the National Aeronautics and Space Administration (NASA) Langley Research Center 
(LARC) and NASA Goddard Space Flight Center (GSFC). 
 
 
AURA ENGINEERING FLIGHT TEST SUPPORT 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: U.S. Department of Commerce 
 
SUMMARY: Provided Altus UAV flight support for Aura Project. Supported Center for Interdisciplinary 
Remotely Piloted Aircraft (CIRPAS) administrative functions and CIRPAS scheduled and unscheduled 




CENTER FOR INTERDISCIPLINARY REMOTELY PILOTED AIRCRAFT STUDIES (CIRPAS) 
FLIGHT TIME 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies  
Sponsor: Office of Naval Research 
 
SUMMARY: A time series of flights over the greater Monterey Bay area was conducted to observe the 
mesoscale and sub-mesoscale structure of the atmospheric boundary layer and the coastal ocean's response 
to forcing at these scales. All flights sampled, at a minimum, air temperature, relative humidity, wind 
speed, ocean sea surface temperature and sea surface visual imagery. Some flights observed atmospheric 
aerosols, turbulent fluxes, sea surface backscatter and the spectral distribution of ocean-leaving radiance. A 
few selected flights, coordinated with research cruises and other ground-based activities, deployed 
rawinsondes, expendable wave buoys, and AXBTS. This unprecedented data set will be used to improve 
numerical forecast models on both sides of the air/sea interface. 
 
 
COMBINED JOINT TASK FORCE EXERCISE (CJTFEX) 04-2 PELICAN SUPPORT 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Joint Test Force 
 
SUMMARY: Provided Pelican support from 12 to 21 June 2004 with 100 flight hours (60 mission hours 
and 40 ferry hours). Pelican was configured as a UAV surrogate with a Predator EO/IR payload.  Assumed 
Pelican flights less than 8 hours per day. Flight crew must be away from operations site 12 hours of each 
24-hour period. All flights were conducted from the Center for Interdisciplinary Remotely Piloted Aircraft 




(CIRPAS) Ground Control Station and were line of site to the aircraft. All flight activity was conducted per 
CIRPAS-approved test plan. All technical interchange meetings occurred at CIRPAS facilities in Marina, 
California. Project required more than 80 percent of work be performed by the Naval Postgraduate School.  
 
 
DRT SENSOR TEST ON A REMOTELY PILOTED AIRCRAFT 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: National Security Agency 
 
SUMMARY: Provided Pelican support between 26-31 August 2004 with 19 flight hours (18 mission hours 
and 1 hour flight testing). Pelican operated as a UAV surrogate with the predator EO/IR payload.  Assumed 
Pelican flights were less than six hours per day. Flight crew must be away from operations site 12 hours 
each 24-hour period. All payload integration and flights were conducted from the Center for 
Interdisciplinary Remotely Piloted Aircraft (CIRPAS) Marina hangar. All flight activity was conducted per 
CIRPAS-approved test plan. All technical interchange meetings occurred at CIRPAS facilities in Marina, 
California. CIRPAS integrated the DRT payload concurrently with the Stan 7 payload installation. Project 
required more than 80 percent of the work to be performed by Naval Postgraduate School contractors.  
 
 
EVE FLIGHT SUPPORT 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Bay Area Environmental Research Institute 
 
SUMMARY: Supported Bay Area Environmental Research Institute (BAERI) with the integration of a 
radiometric sensor on the twin otter and provided flight support. 
 
 
FLIGHT SERVICES: PT. MUGU NAVAL AIR STATION 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Lockheed Martin 
 
SUMMARY: Performed flight services at Pt. Mugu Naval Air Station, California. A requirement for 




INTEGRATION OF AEROSOL AND WIND LIDAR ONTO THE CENTER FOR 
INTERDISCIPLINARY REMOTELY PILOTED AIRCRAFT STUDIES’ (CIRPAS) TWIN OTTER 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: U.S. Department of Commerce  
 
SUMMARY: Tested lidar installation and performance on the Center for Interdisciplinary Remotely 
Piloted Aircraft (CIRPAS) Twin Otter. 
 
 
LIDAR TWIN OTTER MEASUREMENTS SUPPORT 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: National Oceanic and Atmospheric Administration  
 
SUMMARY: Assisted the National Polar-Orbiting Environmental Satellite System (NPOESS) to 
understand ocean surface and LAS Doppler lidar returns from a space-based perspective and to develop 




better model parameterization of air-sea. Configured and operated Twin Otter Doppler wind lidar during 
collaborative lidar studies at National Aeronautics and Space Administration (NASA) Langley Research 
Center (LARC) and NASA Goddard Space Flight Center (GSFC). 
 
KEYWORDS: National Oceanic and Atmospheric Administration, Lidar, Twin Otter, Polar Orbit, 
National Polar-Orbiting Environmental Satellite System (NPOESS), Doppler, Langley Research Center 
(LARC) and NASA Goddard Space Flight Center (GSFC) 
 
 
NAVAL POSTGRADUATE SCHOOL (NPS)/CENTER FOR INTERDISCIPLINARY REMOTELY 
PILOTED AIRCRAFT STUDIES (CIRPAS) PELICAN SUPPORT FOR SPACELIFT RANGE 
TELEMETRY SUPPORT DEMONSTRATION 
Robert T. Bluth, Research Associate 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: U.S. Air Force, Spacelift Range Program (SMC/RNR) 
 
OBJECTIVE: Demonstrated the practicality of using UAVs in support of ballistic and spacelift launches. 
Supported January 2004 demonstration flying a payload out of Pt. Mugu in support of a ballistic 
missile launch. 
 
SUMMARY:  Supported U.S. Air Force test objectives with Pelican. The Pelican carried a 300 pound 
telemetry relay payload comprised of a 24" S-Band tracking antenna and receivers. A Tactical Common 
Data Link (TCDL) Ku-Band communications payload was part of the communications payload. Estimates 
and limitations were as follows: 6 flight hours, 2 total flights, 1 shakedown and 1 mission. Deployment was 
to Pt. Mugu Naval Air Station. Flight crew was away from operations site 12 hours of each 24 hours. 
Assumed flight activity per Caltech-approved test plan. More than fifty percent of the funds required to 
support the Cherry Point were sent to a contractor. The contractor was required to provide mission and 
flight support for this project. 
 
KEYWORDS: USAF, Pelican, Tactical Common Data Link (TCDL), Pt. Mugu Naval Air Station, 




NAVAL POSTGRADUATE SCHOOL (NPS)/CENTER FOR INTERDISCIPLINARY REMOTELY 
PILOTED AIRCRAFT STUDIES (CIRPAS) PREDATOR FLIGHT SUPPORT FOR FISCAL 
YEAR 2004 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: U.S. Joint Forces Command 
 
SUMMARY: This project supported the Joint Forces Command, Joint Operational Testbed System 
(JOTBS) MAE unmanned aerial vehicle (UAV) test objectives with four Predator MAE UAV flight 
operations with Predator P030 and P035 air vehicles and one GCS/GDT. Estimates and limitations can be 
summarized as follows: fifty flight hours per deployment, Predator payload included only the EO/IR 
skyball or already integrated communications packages, or both. All deployments were to CONOS. All 
flight activity was conducted under line of sight, with downlink to CIRPAS GCS at all times. Each sortie 
lasted approximately eight hours per each twenty-four-hour period, and less than 48 hours per each seven-
day period. The flight crew was away from the operations site twelve hours of each twenty-four hours. 
Flight activity was conducted as assumed per test plan approved by Cal Tech. The assumption was made 
that no facilities use fees would be required, and that the use of a chase plane would not be required. 
Assumed FCFs, launch and recovery activity occurred from the CIRPAS GCS/GDT. Also made the 
assumption that maintenance and compatibility issues of the EDU2/ JFC GDT would be covered 
separately. Level II-IV operations with EDU-2 / JFCOM GDT; specific level dependent on EDU-2 status 
were assumed. Assumed logistics of EDU2 and associated equipment would be covered by sponsor. More 




than fifty percent of the total funds required to support Cherry Point were sent to a contractor. The 
contractor was required to provide mission and flight support for this project. 
 
 
NAVAL POSTGRADUATE SCHOOL (NPS)/CENTER FOR INTERDISCIPLINARY REMOTELY 
PILOTED AIRCRAFT STUDIES (CIRPAS) SUPPORT OF NATIONAL POLAR-ORBITING 
ENVIRONMENTAL SATELLITE SYSTEM (NPOESS) CALIBRATION/VALIDATION OF 
SPACE-BASED WIND MEASUREMENTS 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: National Polar-Orbiting Environmental Satellite System  
 
SUMMARY: Naval Postgraduate School (NPS)/Center for Interdisciplinary Remotely Piloted Aircraft 
Studies (CIRPAS) support of National Polar-Orbiting Environmental Satellite System (NPOESS) funded 
field campaigns.  
 
 
PELICAN II DF PAYLOAD INTEGRATION AND FLIGHT SUPPORT 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: National Air Transport (NAT) Tactical Integration 
 
SUMMARY: Provided Pelican II flight support for DF payload. 
 
 
PREDATOR 48 SUPPORT 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Naval Air Warfare Center - Weapons Division 
 
SUMMARY: The Center for Interdisciplinary Remotely Piloted Aircraft Studies (CIRPAS) removed 
Predator 48 from its shipping container and set it up for non-flight activity. CIRPAS worked with the Naval 
Air Systems Command (NAVAIR) Weapons Division in developing procedures to operate Predator 48 in 
support of joint Naval Postgraduate School (NPS)/Weapons Division research activities.  The contractor 
was required to provide logistics and ground support for this project. 
 
 
PREDATOR/ROVER TEST SUPPORT 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Naval Air Systems Command  
 
SUMMARY: The Naval Postgraduate School’s Center for Interdisciplinary Remotely Piloted Aircraft 
Studies (CIRPAS) supported Rover testing at Patuxent River with a remote video terminal and operator for 
a one-week period. 
 
 
SENSOR TEST ABOARD REMOTELY PILOTED AIRCRAFT 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Department of Energy - National Nuclear Security Administration  
 
SUMMARY: Provided Predator support in September 2004 with 32 flight hours (30 mission hours and 2 
hours flight testing). Predator operated the EO/IR payload. Assumed Predator flights less than 8 hours per 
day. Flight crew was away from operations site 12 hours of each 24-hour period. All flights were conducted 
from the Center for Interdisciplinary Remotely Piloted Aircraft Studies (CIRPAS) Ground Control Station 




and were line of site to the aircraft. All flight activity was conducted by CIRPAS-approved test plan. All 
technical interchange meetings occurred at CIRPAS facilities in Marina, California. CIRPAS began 
integration of Department of Energy expendable payload for operation on either Predator or Altus. Project 
required more than 80 percent of the work to be performed by Naval Postgraduate School contractors. 
 
 
SILENT HAMMER FLIGHT SUPPORT 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Naval Sea Systems Command 
 
SUMMARY: Provided Naval Sea Systems Command (NAVSEA) with Pelican UAV surrogate flight 
support for Silent Hammer. 
 
 
SKYLINK III EXPERIMENT 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Lawrence Livermore National Laboratory 
 
SUMMARY: The Center for Interdisciplinary Remotely Piloted Aircraft Studies (CIRPAS) constructed a 




Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Space and Naval Warfare Systems Command 
 
OBJECTIVE: Supported the Space and Naval Warfare Systems Command (SPAWAR) in flight-testing an 
expendable meteorological sensor on a Prod for a UAV. 
 
 
X-BAND RAPID SCANNING RADAR SYSTEM 
Robert T. Bluth, Research Associate  
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Prosensing, Inc. 
 
SUMMARY: Prosensing, Inc. requested technical support services from the Center for Interdisciplinary 
Remotely Piloted Aircraft Studies (CIRPAS) for testing and operating the x-band rapid scanning radar 
system. 




NAVAL POSTGRADUATE SCHOOL (NPS)/ CENTER FOR INTERDISCIPLINARY 
REMOTELY PILOTED AIRCRAFT STUDIES (CIRPAS) SUPPORT OF OFFICE OF NAVAL 
RESEARCH AIRBORNE RESEARCH  
Haflidi H. Jonsson, Research Associate Professor 
Center for Interdisciplinary Remotely Piloted Aircraft Studies 
Sponsor: Office of Naval Research 
 
SUMMARY: Naval Postgraduate School (NPS)/Center for Interdisciplinary Remotely Piloted Aircraft 
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The NPS Field Experimentation Program began approximately two years ago with the purpose of providing 
the opportunity for students and faculty to evaluate some of their latest technologies in an operational 




The program relies heavily on the operational knowledge of our joint student body as well as a very close 
working relationship with USSOCOM. Congressional funding (CDTEMS) together with funding from 
USSOCOM and the Office of Force Transformation has permitted 1-2 week long quarterly field 
experiments to be conducted, using laboratories on the NPS campus, the NPS Beach Laboratory and 
CIRPAS (Marina Airport), Monterey Bay, the MOUT facility at Fort Ord, and an NPS CIRPAS UAV test 
facility at the California Army National Guard, Camp Roberts, CA. Twenty-eight thesis students and 
twenty-two faculty from across the campus participated in FY04 and several courses in different 




USSOCOM has funded several small companies with innovative new technologies to work with NPS and 
many other companies and government laboratories have participated using their own funds. Quantitative 
measures of performance for the technologies are obtained and Special Operations Forces are utilized in 
many of the experiments to obtain user input; e.g., there is a strong human systems integration component. 
In the past year this team developed a Surveillance and Target Acquisition Network (STAN) which can 
provide the soldier on the ground the ability to push-pull video, data, and text messages with other soldiers 
and with other ISR assets in the area in both rural and urban environments; e.g., it has both local and long-
haul reach-back capabilities. It also provides situational awareness and blue force tracking. It utilizes air 
and ground based wireless networks, satellites, unmanned vehicles (UAVs, UGVs, AUVs, airships, 
tethered balloons), unattended ground sensors, and handheld PDAs to greatly enhance situational 
awareness and to enhance our ability to find, fix, and identify enemy personnel and equipment. The 
INTER-4 Tacticomp was one of the primary end products of the FY04 program. The effort is also 
investigating leave-behind infrastructure that can be utilized during post-conflict reconstruction.  
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 






































STAN FIELD EXPERIMENTS 
David W. Netzer, Distinguished Professor 
Center for Defense Technology and Education for the Military Services  
Sponsor: Secretary of the Air Force/FMBMB 
 
SUMMARY: Supported field experimentation for continued development of new technologies that support 
near term needs for the warfighter. Major emphasis was on wireless networks, autonomous vehicles, sensor 
networks, situational awareness, and target tracking and identification. Measures of performance of the 
technologies and of the operators using the technologies were also addressed. 
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The School of Aviation Safety's mission is to educate aviation officers at all levels to identify and eliminate 
hazards, to manage safety information, to investigate and report mishaps, and to develop and administer 
command safety programs. The School of Aviation Safety conducts safety related research and provides 
assistance in support of the Naval Aviation Safety Program. The combined teaching, research, and service 





 Aviation Safety Officer (ASO) Course: A 21-day course designed to prepare Aviation Safety 
Officers to assist commanders and commanding officers in administering unit safety and mishap 
prevention programs. 
 Aviation Safety Command (ASC) Course: A six-day course designed to indoctrinate aviation 
squadron commanding officers, officers screened for command, and major aviation staff officers 





 Human Factors of Air Safety: An area of research dealing with the underlying causes of human 
error in aviation mishaps, including individual, team and organizational factors that may 
contribute to the chain of events leading to an aircraft mishap. Researchers at the School of 
Aviation Safety are engaged in the study of human error as an underlying cause in aviation 
mishaps due to aircrew, supervisory and maintenance factors. This line of research was recently 
expanded to include a comprehensive root cause analysis of U.S. Navy aircraft mishaps, and to 
conduct extensive statistical trend analysis of the Navy's online safety climate survey database. 
 
 Command Climate Assessment Surveys: The School of Aviation Safety has been a leader in the 
development and application of web-based surveys used to assess Command Climate. Two survey 
applications have been developed, and are in use today by U.S. Navy and U.S. Marine Corps 
units. The Command Safety Assessment (CSA) survey system is used to assess command climate, 
the perceived effectiveness of a commands safety program, and other factors related to the safety 
of flight operations. The Maintenance Climate Assessment Survey (MCAS) was developed to 
address similar command issues in the maintenance community. MCAS also measures command 
climate and other factors, but with respect to maintenance operations. CSA/MCAS are designed 
specifically for the aviation application. Additional research is being conducted to quantify results 
of the CSA/MCAS as a predictive tool for mishap prevention. A derivative of the on-line MCAS 
process focusing specifically on Naval Aviation Depot (NADEP) issues has also been developed 
and implemented. Recently, the School of Aviation researchers have begun to develop and apply 
the same command climate assessment methods to USMC Ground Forces. An advanced version 
of the USMC Ground Force Command Climate Survey system is currently undergoing Test and 
Evaluation and will become operational in FY 04. 
 
 Afloat Safety Climate Assessment Survey: The School of Aviation Safety, a pioneer in the 
development and application of web-based surveys to assess organizational safety climate, 
expanded its aviation-oriented domain to include other naval activities. An extension of the 
aviation safety climate assessment process, the on-line afloat safety climate assessment survey 
process was tailored to afford Navy surface and subsurface commanders the ability to examine the 
perceived safety climates aboard their vessels. Under sponsorship of the Naval Safety Center, this 
program focused on key issues to better understand the influences that a Naval command may 
have on the chain of events leading to a mishap. The process is grounded in theory relating key 
attributes of organizations that were successful in reducing risks associated with hazardous 
operations. 
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 Organizational Risk Factors: An area of research dealing with the potential influence of 
leadership, organizational structure, safety climate, and safety culture, on mishap causation. 
Researchers at the School of Aviation Safety are working in collaboration with social scientists 
from Haas Business School, UC Berkeley, Stanford University, Carnegie-Mellon, University of 
Arizona, and NASA-Ames Research Center to develop and validate Organizational Risk Models. 
This research is closely allied to the ongoing development and application of the U.S. Navy 
Surface and U.S. Marine Corps Ground Force Command Climate Assessment Surveys. The phase 
I organizational risk factors research effort was completed in December 2002, and included a 
comprehensive review of literature, and the development of a conceptual framework for 
measuring safety climate and safety culture. A second phase is planned for FY 04 to develop and 
validate web-based organizational risk assessment models and measurement methods. 
 
 
RESEARCH PROGRAM (Research and Academic)-FY2004: 
 
The Naval Postgraduate School’s sponsored program exceeded $83 million in FY2004. Sponsored 
programs included both research and educational activities funded from an external source. A profile of the 
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APPLIED RESEARCH USING THE COMMAND SAFETY ASSESSMENT SURVEY SYSTEM 
Robert C. Figlock, Lecturer 
School of Aviation Safety 
Sponsor: Commander, Naval Air Forces  
 
OBJECTIVE: To provide for continued refinements of the Command Safety Assessment Survey process 
and the detailed analysis of Commander, Naval Air Forces (CNAF) survey data.   
 
SUMMARY: CNAF established the requirement for his operating forces to conduct periodic surveys using 
the on-line Command Safety Assessment Survey system. This web-based survey system provides aviation 
commanders with a means to administer surveys to both aircrews and maintainers. A key goal of this 
survey method is to identify and correct latent organizational conditions that may lead to increased mishap 
risk. Following survey administration, commanders receive immediate survey results feedback concerning 
key issues related to command climate, safety culture, workload, resource availability, estimated success of 
certain safety intervention programs and other factors related to safely managing fleet flying operations. 
The Command Safety Assessment Survey process was designed to measure the extent to which a Naval 
Aviation organization meets the criteria of a so-called “High Reliability Organization.” Over the past few 
years, the survey process has been refined based upon statistical validation data, user input from the fleet, 
and researcher experience gained through the development and employment of the system. However, in-
depth analysis of the survey data has not been completed due to resource constraints. This research effort 
provides for continued refinements of the Command Safety Assessment Survey process and the detailed 




Figlock, R. and Ciavarelli, A., “Assessing Safety Culture and Climate: Lessons for Industry from Military 
Successes,” Seventh Global Aviation Information Network (GAIN) World Conference, Montreal, Canada, 
28 September 2004. 
 
KEYWORDS: Safety Climate Assessment, Hazard Analysis, Risk Assessment, Risk Management, 
Aviation Accident Prevention 
 
 
COMMAND SAFETY CLIMATE ASSESSMENT SURVEY FOR THE U.S. ARMY (PHASE I) 
Robert C. Figlock, Lecturer 
School of Aviation Safety 
Sponsor: U.S. Army Safety Center 
 
OBJECTIVE: This proposal entails a multi-year research project with the Army. Phase I of the project is 
developing a prototype Army Aviation Command Safety Climate Assessment Survey (CSCAS) survey and 
generating a web-based prototype survey instrument based upon Naval Aviation’s on-line assessment 
process and design. 
  
SUMMARY: The School of Aviation Safety at the Naval Postgraduate School has developed a web-based 
CSCAS process for Naval Aviation that proactively assesses the perceptions of aircrew and aviation 
maintenance personnel regarding factors associated with operational safety and risk management. To date, 
more than 99,500 personnel from over 900 Naval Aviation organizations have taken surveys. The CSCAS 
process serves two important purposes: 1) it provides the unit commanders real-time feedback on safety 
related issues so they might better focus their mishap prevention efforts, and 2) the survey data collected 
allows for in-depth research into areas of human factors and organizational behavior that may lead to the 
development of metrics related to mishap potential. Feedback from commanders regarding the utility of the 
survey process has been overwhelmingly positive. Additionally, initial research suggests a potential 
association between survey scores and aircraft mishap frequency. CSCAS success, coupled with the fact 
that Department of Defense (DoD) mishap statistics attribute approximately 80% of military mishaps to 
human error, has led to the notion of creating a CSCAS process applicable across military services. The 




Army Safety Center has requested that they, along with the School of Aviation Safety, develop a similar 
process applicable to the U.S. Army, commencing with Army Aviation. 
 
KEYWORDS: System Safety, Human Factors, Human Performance, Human Error 
 
 
COMMAND SAFETY ASSESSMENT SURVEY (CSCAS) SYSTEM COMMON ARCHITECTURE 
(PHASE IV) 
Robert C. Figlock, Lecturer 
School of Aviation Safety 
Sponsor: Naval Safety Center 
 
OBJECTIVE: To enhance the quality of the on-line Command Safety Climate Assessment Survey 
(CSCAS) system as part of an on-going research effort in support of the Secretary of Defense’s goal of a 
50% reduction in Department of Defense (DoD) mishap rates and the Secretary of the Navy’s human 
factors research project.   
 
SUMMARY: The School of Aviation Safety at the Naval Postgraduate School has developed a web-based 
CSCAS process for Naval Aviation that proactively assesses the perceptions of aircrew and aviation 
maintenance personnel regarding factors associated with operational safety and risk management. To date, 
more than 95,000 personnel from over 850 Naval Aviation organizations have taken surveys. The CSCAS 
process serves two important purposes: 1) it provides the unit commanders real-time feedback on safety 
related issues so they might better focus their mishap prevention efforts, and 2) the survey data collected 
allows for in-depth research into areas of human factors and organizational behavior that may lead to the 
development of metrics related to mishap potential. Feedback from commanders regarding the utility of the 
survey process has been overwhelmingly positive. Additionally, initial research suggests a potential 
association between survey scores and aircraft mishap frequency. CSCAS success, coupled with the fact 
that Department of Defense (DoD) mishap statistics attribute approximately 80% of military mishaps to 
human error, has led to the notion of creating a CSCAS process applicable across military services.  
   The School of Aviation Safety has a continuing requirement to maintain, upgrade, and enhance the 
quality of the on-line CSCAS system. This research effort provides one phase of development of a common 
software architecture capable of providing expanded survey support to fleet users. 
 
KEYWORDS: Safety Climate Assessment, Hazard Analysis, Risk Assessment, Risk Management, 
Aviation Accident Prevention 
 
 
COMMAND SAFETY ASSESSMENT SURVEY (CSCAS) SYSTEM COMMON ARCHITECTURE 
(PHASE V) 
Robert C. Figlock, Lecturer 
School of Aviation Safety 
Sponsor: Secretary of the Navy (Safety) 
 
OBJECTIVE: To enhance the quality of the on-line Command Safety Climate Assessment Survey 
(CSCAS) system as part of an on-going research effort in support of the Secretary of Defense’s goal of a 
50% reduction in Department of Defense (DoD) mishap rates and the Secretary of the Navy’s human 
factors research project.   
 
SUMMARY: The School of Aviation Safety at the Naval Postgraduate School has developed a web-based 
CSCAS process for Naval Aviation that proactively assesses the perceptions of aircrew and aviation 
maintenance personnel regarding factors associated with operational safety and risk management. To date, 
more than 95,000 personnel from over 850 Naval Aviation organizations have taken surveys. The CSCAS 
process serves two important purposes: 1) it provides the unit commanders real-time feedback on safety 
related issues so they might better focus their mishap prevention efforts, and 2) the survey data collected 
allows for in-depth research into areas of human factors and organizational behavior that may lead to the 
development of metrics related to mishap potential. Feedback from commanders regarding the utility of the 




survey process has been overwhelmingly positive. Additionally, initial research suggests a potential 
association between survey scores and aircraft mishap frequency. CSCAS success, coupled with the fact 
that Department of Defense (DoD) mishap statistics attribute approximately 80% of military mishaps to 
human error, has led to the notion of creating a CSCAS process applicable across military services.  
The School of Aviation Safety has a continuing requirement to maintain, upgrade, and enhance the 
quality of the on-line CSCAS system. This research effort provides one phase of development of a common 
software architecture capable of providing expanded survey support to fleet users. 
 
KEYWORDS: Safety Climate Assessment, Hazard Analysis, Risk Assessment, Risk Management, 
Aviation Accident Prevention 
 
 
HUMAN FACTORS TOOL AND INTERVENTIONS FOR MAINTENANCE RISK 
MANAGEMENT 
Robert C. Figlock, Lecturer 
John K. Schmidt, Assistant Professor 
School of Aviation Safety 
Sponsor: National Aeronautics and Space Administration - Ames Research Center 
 
OBJECTIVE: This is a multi-year research project that encompasses the systematic development of 
human factors tools and interventions for maintenance risk management. The dual-use tools in 
development are for both civil and military aviation maintenance activities. 
 
SUMMARY: The Maintenance Climate Assessment Survey (MCAS), originally developed to evaluate the 
safety posture of operation units, is effectively used to identify emerging hazards as potential targets for 
intervention. Its scope was modified for use with a mainly civilian workforce engaged in depot level 
overhaul and repair. MCAS proved useful in confirming the presence of hazards determined in incident 
analysis, as well as identifying other potential areas for intervention. MCAS findings, taken together with 
those from incident investigations, were effectively used in prior research efforts to tailor training and 
develop controls. The present effort is to transition the MCAS as a risk management tool to fit commercial 
aviation applications as well as Space Shuttle Program overhaul and repair. The present web-based MCAS 
will be adapted in conjunction with industry partners to fit with their specific work force, job setting and 
requirements. Aside from the on-line surveys, requisite training materials will be developed to support 
survey administration and subsequent interpretation and action planning. A stand-alone version of the 
MCAS will be developed for remote location use. Additionally, the National Aeronautics and Space 
Administration’s (NASA) ASRS database--organized using the maintenance extension of the Naval 
Aviation Human Factors Analysis and Factor Classifications System (HFACS-ME)--will be updated and 
entered into the civilian variant of the Maintenance Error Information Management System (MEIMS). The 
updated database will be analyzed to discern potential patterns and trends, construct related risk analyses, 
and identify potential interventions based on the historical/Federal Aviation Administration (FAA) Human 




Figlock, R., “Maintenance Climate Assessment Survey Results in Naval Aviation,” Second Annual 
Aviation Maintenance Safety Conference, Naval Safety Center, Norfolk, VA, 27 April 2004. 
 
KEYWORDS: Safety Climate Assessment, Hazard Analysis, Risk Assessment, Risk Management, 
Maintenance Error, Accident Investigation, Aviation Accident Prevention 
 
 




MARINE CORPS COMMAND SAFETY ASSESSMENT SURVEY SYSTEM SUPPORT 
Robert C. Figlock, Lecturer 
School of Aviation Safety 
Sponsor: Safety Division, Headquarters 
 
OBJECTIVE: Headquarters Marine Corps Safety Division identified a need to conduct safety related 
research in support of Marine initiatives and programs that could lead to an overall reduction in Marine 
Corps mishap rates. The School of Aviation Safety is the center of aviation safety research and education 
within the Department of the Navy. As such, the School offers a unique ability to conduct safety research 
identified by Headquarters Marine Corps Safety Division. 
 
SUMMARY: The School of Aviation Safety serves as a research source for the Director, Headquarters 
United States Marine Corps Safety Division in matters pertaining to aviation safety policy and program 
planning, analysis, and evaluation. In support of applied safety research, the School of Aviation Safety has 
developed and maintains the web-based Command Safety Climate Assessment Survey system. This system 
provides aviation commanders with a means to administer surveys to both aircrews and maintainers. A goal 
of this survey method is to identify and correct latent organizational conditions that may lead to increased 
mishap risk. Following survey administration, commanders receive immediate survey results feedback 
concerning key issues related to command climate, safety culture, resource availability, workload, 
estimated success of certain safety intervention programs, and other factors related to safely managing fleet 
flying operations. To date, more than 100,000 surveys from over 950 Naval Aviation organizations have 
been recorded in the survey database and represent the views of Marines and sailors from all Naval 
Aviation communities. The School of Aviation Safety provides this on-line service, as well as analysis of 
the aggregate data, for fleet Marine Aviation organizations.   
These efforts directly support the Secretary of Defense’s goal of a 50 percent reduction in military 
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